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A COUKSE 


OF 

PRACTICAL CHEMISTRY. 

CHAPTER L 

INTRODUCTION. 

DEFINITION OF QUALITATIVE ANALYSIS.— 
REAGENTS.— CHEMICAL OPERATIONS. 

The practical object of chemical analysis is to discover the presence 
or prove the absence of some particular elementary body or bodies 
in any given and unknown substance. To this end experiments 
are performed on the substance — questions are put to it — and from 
the result of these experiments, or the answers to the questions, the 
nature of the substance or substances is deduced. In addition to this, 
the performance of the operations in analysis has a great value as a 
means of training the observing and reasoning faculties, even when 
the practical results are not actually required. Before this can be 
fully recognised and applied it is, however, necessary to have a little 
knowledge of the properties or qualities of the chemical substances as 
regards each other. The properties of the so-called chemical elements 
must be first studied to some extent. These properties are, as far as 
is known, absolutely fixed and intrinsic within certain limits and con- 
ditions of experiment. Starting with this idea of fixity of quality, the 
methods of distinguishing and separating the elements or groups of 
elements in a complex substance will be found, as an exercise of the 
thinking faculties of the student, little inferior to mathematical 
methods. 

The chemical student must strive to be as exact, cleanly, and 
methodical as possible in the performance of all the operations 
required. 

Chemical actions, unlike some so-called physical, only take place 
on actual contact of the substances concerned. 

Farther, there is no such thing as “ nearly,” either a chemical 
action takes place or it does not; very often, however, an action 

A 



2 REAGENTS, CHEMICAL OPERATIONS. 

commences but slowly, and may take some time before being 
completed. 

And it also often happens that an action will run on several lines 
almost simultaneously. That is, there is often a secondary reaction 
starts just after a primary one, and then the two run on together. 

Heating generally hastens or accelerates a reaction without 
further effect excepting a very high temperature be employed. 

This is the rule. It is very seldom that a chemical action is as 
simple as lI^-hCh = 2KCh Very frequently what is known as a 
see-saw series of reactions takes place, a substance being formed 
and decomposed and reformed within some narrow limits of tem- 
perature. 

Reagents are svibstances employed as means of producing chemical 
changes. Reagents act upon and bring about changes in the sub- 
stances under examination. They are usually divided, without any 
strict line of demarcation, into two classes — viz., general and special 
reagents. General reagents are those which separate a number of 
substances — groups in fact — at one operation ; and special reagents 
those which are used to a limited extent only, and for the detection 
of individual substances. 

Reagents may be gases, liquids, or solids, and either elements or 
compounds. In fact, if any two substances act on each other in such 
a manner as to produce a visible or permanent change, they are 
reagents to each other. Generally, however, the term applies to a 
known substance which is caused to act or is put into a position to act 
on an unknown one. The mode of application of a reagent depends 
on its nature and state. Gases require most apparatus. They are 
brought together in tubes with one open end dipping in mercviry or 
water. Gases may be passed through liquids in bubbles, and solids 
may be heated, or not, in a stream of a gas in convenient tubes. Solids 
and solids require to be mixed most intimately or heated together, 
sometimes until one or both melt. Liquids on liquids or on solids 
are most easy to carry out. Almost any kind of containing vessel 
will do if it be so that the reaction can be observed. By liquids 
one understands solution in w’^ater generally. 

A list of reagents, as well as directions for their preparation, will 
be found in an Appendix. Students who have not the advantage of 
working in a well-appointed laboratory, will need to devote some 
attention and cai*e to the preparation of reagents.^ 

When two clear solutions of substances are brought in contact 
and a cloudiness results, a precipitate is said to be produced. It is 
in all cases owing to the formation of a new salt or substance, less 
soluble than the original substances. This is one of the most 
commonly employed operations in analysis, and is also the easiest to 
carry out. 

Two gases in contact will also sometimes produce a solid. Fre- 
quently a solid is acted upon by a liquid or gas, so avS to change in 

In the case of a large laboratory too much attention cannot be given to 
this, and the plan of normal or fractions of normal solutions is most strongly 
recommended. 
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colour or shape. Changes in form <ind colour are constantly made 
use of for the recognition of substances. 

Colour change is often the only visible 
evidence of a chemical action, and such 
colour tests are amongst the most delicate 
known. 

Chemical Operations. — A reagent is 
added to a solution of an unknown body 
either by pouring it directly from the bottle 
or by running it from a pipette, as shown in 
Fig. 1 , Sometimes a precipitation is piwluced 
by voltaic action, sometimes merely by tlie 
substitution of one solvent for another. One or more bodies may be 
precipitated by one and the same reagent. As most precipitates are 
heavier than the liquid in which they are formed, they fall to the 
bottom with more or less rapidity ; and the supernatant liquid may 
often be poured off or decanted, without much disturbing the 
precipitate. This mode of separating fluids from precipitates is by 
far the most expeditious, and should be resorted to whenever it is 
applicable.^ The precipitate may be washed in the vessel itself by 
treatment with hot water and repeated decantation. 

When a large quantity of a fluid has to be removed from a pre- 
cipitate, it is best to siphon off the overlying fluid. The precipitate 
may be washed with water, and the wash-water siphoned off 
repeatedly. 

Filtration. — Small quantities of a precipitate which do not sub- 
side readily are more quickly separated by flltration. For this purpose 




funnels are used, mostly of glass, conical in shape, and inclined at an 
angle of 6 O'". They may be conveniently supported on a wooden 
stand, Fig. 2, or an iron or brass filtering stand as Fig. 3. The 

* It will be noted, however, that some of the substance must be lost by 
this treatment, so that it can only be resorted to when the materials are in 
plenty. 
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CHEMICAL APPARATUS. 

filtering paper should be porous*aiid unsized, and cut in the form of 
a round sheet, which by being folded twice in the shape of 
quadrant, forms, on opening up, a paper cone, at an angle of 
Plaited filters allow the liquid to pass more rapidly through them, as 
a greater surface of one-thickness paper is exposed. The filter 
should exactly fit the funnel, without reaching quite to the lim, and 
should be moistened in the funnel wdth distilled water before any 
solution is poured through it. As most kinds of filtering paper con- 
tain traces of iron, lime, silica, «S:c., acid liquids frequently di^olve out 
traces of these bodies. In all accurate analyses the filtering paper 
should, on this account, be w’'ashed first with dilute hydrochloric or 
nitric acid, and then wdth hot water, before being used. 

Washing. — Most precipitates retain with great pertinacity 
traces of the fluid in which they w’ere suspended, and it is therefore 
of the utmost importance to thoroughly wash them in order to 
obtain accurate results. For this purpose a wash-bottle (Fig. 3) is 
employed, whereby a fine jet of hot, or cold, distilled wrater can be 
directed on to the filter in such a manner as to loosen and detach 
the precipitate from the paper and percolate thoroughly. The liquid 
should at no time quite fill the filter, as some precipitates have 
a tendency to creep up and to get betw een the paper and the glass, 
and are carried into the filtrate. This would entail repeated filtra- 
tion. The washing of a precipitate on the filter is aflfected most 
mpidly by allowing the wash-w'ater to run off entirely each time 
before adding fresh quantities of distilled water. By repeating this 
four or five times, most precipitates will be found sufficiently washed 
for qualitative purposes. 

The student must especially guard himself against using too large 
a quantity of the substance he wishes to examine.^ Bulky or 
voluminous precipitates entail much v/ashing, an operation which is 
tedious but mvst be done w ell. 

Test-tubes are the vessels used for the operations of precipitation 
and separation in (qualitative analysis, especially as there is generally 
no need for collecting the wash-water or aiiding it to the main 
filtrate. These tubes are conveniently placed in a test-tube stand 
(Fig. 4). After being w ell cleansed by the aid of a test-tube brush, 
and rinsed out with distilled water, they should be set aside to drain 
in a basket or rack. 

Small flasks or beakers me sometimes employed if an analysis 
involves the separation of a small quantity of one substance from a 
large amount of another, and when, of necessity, large quantities of 
the substance must be operated upon, but are not advised for ordinary 
work. 

Porcelain dishes are employed for the purposes of concentration, 
evaporation, or ignition. They can be heated either by means of 

* Even in a qualitative analysis it is an excellent thing to have an idea of 
the weight of substance taken. In the earlier experiments it is advised to 
weigh out, roughly, from *5 to 2 grms. of the substance. Also to dissolve in 
a known amount of water and to employ normal solutions of reagents. (See 
Appendix. ) 
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a spirit lamp, or by means of a Bujisen gas lamp, provided with a 
rose top. Sometimes a sheet of iron wire gauze or a sand- 
bath or asbestos cloth or card is interposed between the porcelain 
vessels and the gas flame, and is supported on a retort stand ring or 
tripod stand. 

If solid substances have to be examined, they should always be 
powdered in a mortar — an agate mortar should be employed for 



Fig. 4. 


hard substances, most minerals — before being acted upon by 
water, acids, &c. 

When very small quantities of a substance are at disposal, or when 
valuable reagents are employed, watch glasses or porcelain crucibles 
may be used instead of test-tubes, itc. 

For the ignition of precipitates porcelain crucibles or small 
porcelain dishes are used, and in some cases, where no injury can 
arise, platinum capsules or cups made of platinum foil, such as may 
be made by folding up platinum foil into a cone or filter shape. 

One object of qualitative analysis is (1) to recognise or detect 
elementary and compound substances contained in an unknown 
mixture ; (2) to separate elements or groups from each other. 
These are practical objects. It has also an equal value as a means 
of inculcating quick and accurate observation. The performance of 
exercises in qualitative analysis is to some extent like a game of 
chess with many more pieces, and when properly conducted develops 
and strengthens the observing and reasoning faculties of the student 
in an eminent degree. 

CLASSIFICATION OP REAGENTS. 

There are certain reagents which efiect the simultaneous separa- 
tion of a number of bodies contained in a common solution, leaving 
others in solution. Such general reagents are called group-re- 
agents. 
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GROUP-REAGENTS AND SPECIAL REAGENTS. 


To appreciate their general effect perform this or some similar 
exercise : 

Mix and dissolve in water small quantities of the nitrates of the 
following metals: — Silver, copper, cobalt, barium, potassium, and to 
the mixed solution add — 

I. Hydrochloric acid, a white curdy precipitate is obtained, 
consisting of silver chloride, AgCl ; tilter. To the filtrate add — 

II. Sulphuretted hydrogen, a black precipitate is obtained con- 
sisting of cupric sulphide, CuS ; filter again, and to the filtrate 
add — 


r Ammonium chloride, 1 A black precipitate is formed con- 

III. -v Ammonia and |- sisting of cobaltous sulphide, CoS; 

[Ammonium sulphide j filter, and to the filtrate add — 

IV. Ammonium carbonate, a white precipitate is obtained, con- 
sisting of barium carbonate, BaCO^ ; filtei-, evaporate the filtrate and 
heat to redness to drive oft' the ammonium salts. A ’white saline 


residue is left, containing the potassium salt. 

These changes are evidently produced by the mutual exchange 
of elements between two bodies (changes by double decomposition) : 
i.e., the hydrochloric acid added in Group I. to the solution of 
the metallic nitrates, exchanges its hydrogen for the silver of 
the silver nitnite : and the sulphuretted hydrogen exchanges its 
hydrogen for the metal copper, leaving nitric acid and cupric 
sulphide, &c. 

These reactions as expi essed by equations, are — 


AgN03 

Silver 

nitrate. 

+ 

HCl 

AgCl 

Silver 

chloride 


UNO3. 

CnCNOX 
Cupric^ " 
nitrate. 

-f 

Sir, 

CuS 

Cupric 

bulpliide. 


211NO3- 

Coil^OX 

(/obaltous 

nitrate. 

-r- 

S(NH,), = 

CoS 

Cobaltous 

sulphide. 

+ 


Ba(N03), 

Barium 

nitrate. 


(NHJ,C03^ 

BaCO, 

Barium 

carbonate. 

+ 



These are, however, not the only metals wdiich may be separated 
by the same reagents. 

The table on the next page exhibits five groups into which the 
most commonly occurring metallic elements may be classified by the 
action of the several group-reagents. 

Thus far group-reagents a^ist in the separation of bodies, but 
when, as in Group IV., the white precipitate produced by the group- 
reagent, ammonium carbonate, leaves still a doubt whether a barium, 
strontium, or calcium compound was present in the solution, further 
expenments must evidently be made with a view of completely 
identifying the substance under examination. This the student wilt 
only be able to do by making himself first jyi'cvctically familiar with 
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8 GROUP-REAGENTS AND SPECIAL REAGENTS. 

the different changes or reactio'i}^ ivhich the members of the various 
groups of metals can be mads to ttiidergo / anil aft/Gr undGrstanding tho 
use of the group-reagents, he should direct his attention to the 
special reactions which distinguish and separate one metal from 
another, or from several others. This may frequently be done in 
more than one way ; one reaction, however, sometimes deserves the 
preference over others, on account of the greater exactness which 
distinguishes it, or on account of increased facility of execution, or 
of both. 

Certain reactions, lastly, will have to be studied, which are not 
directly available for the separation of the members of a group 
from each other, but to which considerable interest is attached 
as being illustrative of some valuable property or other of the 
metals. 

The tabular form as the most compact and summary mode of 
arranging chemical reactions wdll often be adopted for embodying 
such reliable and expeditious methods of separation as have stood 
the test of experience in the laboratory. The directions given will 
be concise and divested of all explanatory matter. On no account 
should a student %ise any tabular directions^ hov'erer^ xcithout first having 
made himself practically acquainted xcith the details of the reactions ; 
and to counteract any pernicious influence w hich the use of tables 
might have, the student should exercise and learn to draw up tables 
for the several other processes of separation which are frequently 
possible. 

In previous editions of this work, several methods of writing the 
chemical formuke of bodies w^ere employed. This it was found had 
a tendency to confuse the beginner, as the identity of a substance 
which was written in different ways w’as not always immediately 
obvious. In the present edition it has been thought better not to 
attempt to give, or at any rate introduce into the text, any consti- 
tutional formula for inorganic compounds ; but, in the case of organic 
substances where there is no doubt as to the relative arrangement 
of the atoms in their molecules, full constitutional formuke are 
employed. 

An appendix will be found to contain alternative, in some cases 
structural, formulae for some characteristic mineral compounds. 

When a metal enters into combination wdth another substance it 
loses some of its individuality. To some extent the new compound 
acts as an independent individual, its characters being influenced to 
a greater or less degree by those of its constituent elements. One 
of these elements in a compound usually imparts its character in 
a dominant de^ee, as in the case of the metallic compounds termed 
salts, from which we get the reactions of the metals in combination. 

The combining or equivalent values, or atomicities of the elements, 
are indicated by the use of dashes and Roman numerals placed above 
the symbols of the elements, thus : — H' Zii \ Au'", 

These combining values or atomicity marks do not at all indicate 
the intensity of chemical attraction or energy of union, but merely 
the extent or quantity of attraction of one element for another 
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Name. 


Hydrogen 
(Normal element) 
Aluminium 
Antimony 
Argon . 

Arsenic . 

Barium . 

Beryllium 
Bismuth 
Boron . 

Bromine 
•Cadmium 
Caesium . 

Calcium 
Cerium , 

Chlorine 
Chromium 
Cobalt . 

Carbon . 

Copper , 
Didymiutn 
Erbium . 

Fluorine 
Gallium 
Gold . 
Germanium 
Helium . 

Hydrogen 
Indium . 

Iridium . 

Iodine . 

Iron 

Lanthanum 
Lead 
Lithium 
Magnesium 
Manganese 
Molybdenum 
Mercury 
Nitrogen 
Nickel . 

Niobium 
Osmium 
Oxygen 
Palladium 
Phosphorus 
Platinum 
Potassium 
Bhodium 
Bubidinm 
Buthenium 
Scandium 
Sulphur 
Selenium 
Silver . 

Silicon . 

Sodium . 
Strontium 
Tantalum 
Tellurium 
Thallium 
Thorium 
Titanium 
Tin 

Uranium 
Vanadium 
Wolfram 
Ytterbium 
Yttrium 
Zinc 

Zirconium 



l^tomic Weights. • 


Symbol of the 


Loth, Meyer, and j 

Specific 

Atom and Valency 

Com- 

Seubert. 

Heats. 

Marks. 

monly 

used. 


1 



0=1. 

H=l. I 

i 


H 

1 

0*06265 

1 

(2*3) 

AV", >v 

27*5 

1*694 

27-04 

0*2143 

Sb^'', V 

122 

7-494 

119-6 

0-0508 

As''', V 

75 

4*693 

74*9 

0-0814 

Ba" 

137 

8-575 

136-86 

(0-047) 

Be", od- 

9-4 

0*569 

9*08 

0-4079 

Bi'", V 

210 

13*00 ! 

207-5 

0*0308 

B'", V 

11 

0*683 

10-9 

0-366 at 233'' 

! ///^ V, >ij 

80 

4-997 

79-76 

3*0813 (solid) 

■ Cd" 

112 

7*00 

111-7 

0-0567 

' Cs' 

133 

8-315 ; 

132*7 


Ca" 

40 

2*501 j 

39-91 

0-167 

i Ce", '1 

138 

8*347 

114-2 

0*0448 

I Cl', 

35*5 

2-2159 

35 -37 

(018J 

Cbv, VI, 

52-5 

3*284 

52-45 

0*100 

* Cou, »v 

59 

3*67 

58-6 

0-1076 

i C", »v 

12 

0*7502 

11*97 

0-459 at 985^ 

: Cu" 

63 

3*959 

63-18 

0-0952 

1 Duv 

145 

9*09 

145-0 

0-0456 

■ Er" 

169 

10-40 

166 

(3-26) 


19 

1-194 

19-06 

Gaiv 

69 

4-38 

69-9 

0 079 (solid) 

Au', 

196*7 

13-29 

106-2 

0-0324 

Geiv 

72*32 



0*0768 

‘ H' 

1 

0*06265 

1*00 

(2*3) 

; In'" 

113*4 

7-108 

113*4 

0-0569 

1 Ir^', n, 

193 

12 06 

192-5 

0 0326 

' I-"' \ii 

127 

7-92a4! 

126*54 

0-0641 

1 Fe", iv, VI 

56 

3-501 

65*88 

0-1138 

Laiv 

139 

S-680 

138*5 

0-0449 

1 Fb", 1' 

207 

12-932 

206-39 

0-0314 

Li' 

7 

0-439 

7-01 

0-9408 

i Mg" 

24 

1.500 

23*94 

0-2499 

1 Mn", iv, vj, M.i 

55 

3-43 

54*8 

0*1217 

j Mov» 

96 

6-ol 

95*9 

0-0722 

Hg" 

200 

12-52 

199*8 

0-0319 

N'", V 

14 

0-8779 

14-01 

(0-36) 

. Ni", iv 

58*8 

3-67 

! 58-6 

0-1082 

Nbv 

94 

5 ‘87 

93*7 

0-0311 

' Os", IV, \J, MU 

199 

2-2 

195 

! O" 

16 

1-00 

15-96 

(0-25) 

i Pd", IV, M 

106*5 

6*66 

106-2 

0*0593 

' p///^ V 

31 

1*910 

30-96 

0-1895 

Pt", »V, M 

197*18 

13-177 

194-34 

0-0324 

K' 

39 

2-446 

39*03 

0*1656 

Rh", h, 

104 

6-51 

104*1 

0-0580 

Rb' 

85 

5*34 

85*3 

(0-077) 

Ru", IV, \j, 

104 

6-49 

103-5 

0-0611 

Sc 

44 

2*755 

43-97 


i s", IV, % 1 

32 

2*0037 

31-98 

0 1776 

1 Se" IV \i 

79 

4*942 

78-87 

0*0762 

Ag' * 

Si»v 

108 

6*7456 

107-66 

0 0560 

23 

1*754 

28-0 

0-203 at 232® 

Na' 

3 i 

. 1*4408 

22-995 

0*2934 

Sr" 

87*5 

5*47 

87-3 

(0-074) 

Tav 

162 

1*43 

183 

0-0474 

Te" 

128 

18*00 

127-7 

■ft, , 

Tl', 

204 

12*76 

203-7 

0*0336 

Thiv 

231*5 

14'534 

231*96 


Tiiv 

50 

3-15 

50*25 

Sniv 

118 

7*353 

117*35 

0-0562 

IJiv, \i 

240 

15*03 

239*8 

0-0276 

V'". V 

61*3 

3-20 

51*1 

0*0334 

' Wiv 

184 

11-50 

183*6 

; Yt 

89 

10-81 

172*6 


Yiv 
, Zn" 

1 Zr*v 

93 

65 

5-61 

4-065 

89*6 

64*88 

0-0965 

90 

5-66 

90*4 

0-(662 



Nevvland's and Mendeleeff’s Table of the Elements ariianged as a Periodic Series. 


10 




, • 


t— 

O) 


h-H 

&0 j 


|i 

< 





'-t' 

o — ■ 1 

$-4 

1 

{) 


h 

o 


-1* 

o 

c /2 





1 


1} 



o 

bo 

o 

§K : 

Oi 

li 

a 

11 


a> 






O 


-a U 



II 


Chookes’ Lemniscate Diagram of Synthesis op Elements. 





,2 ORDER OF EXPERIMENT. 

expressed in terms of hydro^n as the unit. They also are not 

always constant. , , 

Up to the present date the elements as in the list on p. J nave 

been isolated and recognised.* 


A deviation from the apparently more natural course of studying 
the reactions of the metals by beginning with Group I., and so on, is 
thought to be justified on the ground of the comparative simplicity 
of the metals of Group V., especially the alkali metals. Experience 
has shown that students have less diiiiculty in mastering the reactions 
by reversing the actual working order of the groups, beginning with 
the study of the alkali and alkaline-earthy metals ; and that ^ a 
thorough knowledge of the metals of these groups is of material 
assistance in understanding the qualitative changes to which the 
heavier metals are subjected. 

Previous to commencing the actual testing for metals, acids, &c, 
in minerals or salts, or even in a prepared solution of the group, 
it is highly recommended to the student to perform some at least of 
the following experiments : 

The order of experiment is : 

I. Action of oxygen (air). A ^mall piece oi the element is placed in the 
bent tube, which is then heated Tliat a current of air can pass over the 
substance. 

Many substances combine with oxygen under these circumstances, and in 
most cases ash-like solids are produced called oxides. 

These oxides have sometimes characteristic colours ; some are soluble in 
water, some volatile, and other properties which distinguish them. 

II. The action of w’ater. Some substances act upon cold water, others 
require to be heated in steam. 

III. Action of sulphur. For this the substance is simply heated or melted 
with sulphur in a dry test tube. 

IV. Action of acids, as sulphuric, nitric, hydrochloric or alkalies, as soda 
or ammonia. 

These may also be done either in a test tube, or better in a small dish, so 
that the product may be obtained in a dry state by evaporating off the water 
and excess of acids employed. Salts may be obtained in this w^ay, and then 
used for the auahjikal testunj. 


■' The diagrams on pages 10 and 11 are intended to exhibit the genetic 
relations of the elements to each other as derived from their atomic weights 
and general chemical characters. 

Both attempt to show the periodic recurrence of similar functions or 
properties, and the probable existence of triads ” or groups of several elements 
whose properties and general behaviour are very similar. The elegant diagram 
on p. 11 is intended to picture the probable condensation, due to cooling and 
motion in space, of an original molecule. (See Crookes’ presidential address, 
Chemical Society, 1888.) 




CHAPTEll II. 

KEACTIONS OP IHE METALS OF GEOTJP V. 


This group comprises the metals potassiuni, sodium, ammonium, and 
magnesium, which are not precipitated by any group-reagent, as 
most of their compounds are very soluble in water, 

1. POTASSIUM, K. Atomic weight , S 9 • 1 . Specific gravity, 
0‘87. Melting point, (J. Boiling point, 711)-731°C. — Is 

found in combination in large amount only in a few minerals, of 
which saltpetre is the most important. It is present in larger or 
smaller quantities in a few silicates and sulphates, such as felspar. 
In the ashes of plants (crude potashes), and in the form of chloride 
in saline deposits (at Stassfiu-th in Germany and elsewhere). 

The metal is obtained by driving the hydrate over very .strongly 
heated iron turnings. It ha.s a brilliant silver-white lustre on a 
freshly cut surface, which immediately tai nishes on contact with air, 
becoming covered with oxide. It decompo.ses water when brought 
in contact with it, the heat produced being sufficient to inflame the 
liberated hydrogen. The metal is .so soft that it may be squeezed 
easily by gently pressing a small piece with the end of a test tube or 
glass rod. It is generally kept under rock oil or paraffin, to prevent 
oxidation. 

EXPERIMENTS. 


I. A very small piece, not larger than a pea, of the metal is taken from the 



petroleum, dried between several thicknesses 
of dry blotting-paper and introduced into 
the tube. (Fig. 5.) 

The tube is held in tongs over the Bun»en 
ilame. The metal will melt and then ignite 
in the current of air. "White fumes will 
escape at the upper end of tube, and a greyish 
substance, mostly K^O, will form and partly 
sublime up the tube. Allow to cool, then 
very carefully immerse one end of tube in a 
dish of cold water. The greyish oxide will 
dissolve and the temperature will rise con- 
siderably. Great care must be taken that all 
the metal has oxidised, or an explosion may 
result. 

The water will be found to convert red 
litmus into blue. Reserve this solution. 


Fig. 6. 
contained in a dish 


II- Carefully wipe as before a very small 
piece, less than in I., of the metal, and drop 
on to some perfectly clean and cold water 
covered by a funnel, as in Fig. 6. 



POTASSIUM-SPECTRUM. 
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A beaker covered by funnel will do ais vjell. The metal will appear to burn. 
It is really hydrogen, but it is coloured^ by some potassium vapour. A red 
hot globule of potassium oxide swims on the water, and finally dissolves with 
a slight explosion. 

Test this solution as in I. Then add a diluted acid drop by drop until 
litmus paper shows neither red nor blue, but a claret tint. A salt of potassium 
has been formed. Evaporate the solution to dryness, when crystals of the 
salt will be left. 

III. Place a small quantity, *5 grm., sulphur in a perfectly dry tube, drop 
into this a very small piece of potassium, hold tube in tongs, heat gently, 
combination takes place energetically. When cool the product is brown or 
black. It is K^S or Place in water carefully. It gives a yellow 

eolation, which also turns red litmus blue. On neutralising by an acid as 
before, SH 2 , sulphuretted hydrogen is given off, and some sulphur is generally 
precipitated. 

N.B. — Do not touch the metal with the fingers or bring it in contact with 
acids. 

DRY REACTIONS.^ 

Most potassium compounds when heated in small quantities on a 
thin platinum wire in the inner flame of the blowpipe, or in the 
lower outer edge of the Bunsen flame, undergo dissociation, the 
vapour of the metal imparting a violet colour to the outer flame. 
When examined with the aid of a spectroscope,! the potassium 

When solids are heated in a tube, or on charcoal, or on a platinum wire, 
without any liquid being employed on them, they are said to be undergoing 
dry '' reactions, or the dry examination. 

These dry reactions are given, as a rule, by every compound of the element. 

When dissolved in water or other solvent, and this solution is treated with 
reagents, it is undergoing wet'' tests, or reactions in solution. 

As regards vret reactions, almost any soluble compound of the element will 
answer. Some do so in an eminent degree, and are also easy to obtain. 
Nitrates, chlorides, sulphates, are, generally speaking, most useful, and should 
be used in doing the reactions. Oxides, sulphides, phosphides, and insoluble 
compounds are less suitable, as they sometimes complicate matters for 
beginners by producing secondary reactions or complex products. 

N.B. Students are advised to perform all the test experiments with each 
metal of a group, and then attempt a method of separation founded on the 
knowledge gained. Use the salts 3 ’Ou have made from the metal, if possible, 
for the first reactions. 

t When elements in the gaseous condition, or vapourised by strong ignition, 
are examined by means of the spectroscope, they may be distinguished from 
each other by the respective spectra which they give. The intensity of the 
spectra of metallic elements is so much greater than that of the non-metals, 
that the latter are only rarely seen. The heat which can be produced by a 
good Bunsen gas burner is not strong enough to volatilise all elements or to 
heat their vapour highly enough. Most heavy metals can only be volatilised 
by means of an electric spark, making use of an induction coil, by placing the 
metals between the electrodes. In order to analyse the ordinary gases 
spectroscopically, the spark is passed through the gases, contained in tubes 
which are filled with the gas and then exhausted with an air-pump. The 
filling and exhausting is repeated several times, and finally a good vacuum 
obtained. Traces of the gases are left, which on agitation by an induction 
spark become luminous. These tubes can be made by any one if the use of a 
sprengel or other mercury pump is available. (See Fig, 7, page 16.) 

It is usual to employ the spectroscope only for the examination of those 
elements which can be volatilised by means of a gas flame, a good 
Bunsen burner, such as the alkali metals, sodium, potassium, rubidium, 
'Csesium, lithium ; the alkaline earthy metals, barium, strontium, calcium ; and 



, POTASSI U M S PECl'R U M . 

spectrum is found to consist painly of two Un^, « com^mtively 
strong line, Ka,* in the red, an^ a faint line, • m the blue. 

This applies more particularly to potfu^ium mltn, which are 
volatile without decomimition at a strong red heat (such as pota-s, 
sium chloride, bromide, iodide, and cyanide) or which are decom- 
posed by heat; but not to non-volatile potassium salts, such as 
phosphates, silicates, or bor.ates, which give scarcely any flame 
reaction till they are moistened with an acid, as !iydrc«hloiie, or, if 
that be without .action, heated together with pure calcium sulphate 
or silver sulphate. The presence of sodium componnd.s give.s rise to 
an intense golden yellow flame, which conceals the pota.ssium re- 
action ; but when seen through a blue glas.s, or indigo solution, the 
yellow or sodium flame is entii*ely cut otl’, and the |)OtA.ssinm flame 
becomes distinctly \-i.>.il)lo, and is then of a rich retldisli-violet 
colour. 

A more simple method of detecting j>otjissium in tlie presence of a 
large quantity of sodium compounds is the following : — A small 
portion of tlie suljstance is moistened with eoncentrate<l hydrochloric 
acid and placed on a loop of thin platinum wire. The wire is then 
gradually brought near to a point in the Bunsen tlame, a1x>ut half 
an inch above the top of the humor. Compounds of potassium 
being more volatile than tho-'^e of so<lium. the violet -coloured flame 


the heavy metals, thallium an«I indium. Lead, copper, arsenic, antimony, 
and some other metals and pho-phoru<, boric acid, and le>s easily Mdphui, 
selenium, tellurium, 'svill aKo .‘^how colouiv in a llun'tUi liamc, and a few line-' 







) 



may be distinguished. The comx>ound.s most suitable arc the chloride.-, 
nitrates, chlorates, and carbonato^s of the metal*. A small portion is placed 
on a loop of thin Ydatinum wire, introduced into the non-luminous portion of 
the flame and the spectrum examined. The difTcrent elements are dis- 
tinguishable by their re-pective colours, as well as hv the position which their 
lines occupy in the continuous solar spectrum. Tlie lines are not all of the 
same intensity, and therefore not equally available. 

only by employing large quantities of pure substancc.s, and lieating 

prominent lines can be observed, 
be reaction is, however, so great that the merest traces can 

to orSychemi^fanS^^^ constitutes a mo.st valuable auxiliary 

for ordinarv^^\p?AnnI^^ of elements are generally designated by a letter 

‘SSSSe iS ,omJ„«aUicolo„.c,.fc 
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wUl be clearly observed before any trace of the yellow sodium dame 
IS visible* • 

REACTIONS IN SOLUTION. 

Nearly all potassium salts are soluble in water. 

PtCl^ (platinic chloride) precipitates from potassium solutions 
which are not very dilute^ a yellow crystalline precipitate of potas- 
sium platinic chloride, 2KCl.PtCI^, insoluble * in strong alcohol, or 
better still in alcohol and ether, as well as in acids. 

C,H,(0H),(C02 H)j (tartaric acid) precipitates white crystalline 
hydrogen potassium tartrate, C2H3(OH)3C02HC02K from neutral and 
sufficiently concentrated solutions. The precipitate settles rapidly, 
especially after shaking or stirring. 

2HP,SiF^ (hydrofluosilicic acid) gives a white gelatinous precipitate 
of potassium silicofluoride, 2KP,SiF^; difficultly soluble in water (1 in 
833 parts at 17*5^ O.) ; insoluble in alcohol. 

Potassium salts are for the most part soluble in water, hence so 
few precipitates. The hydrate and carbonate constitute two important 
reagents, on account of the great affinity which the powerful base 
potassium possesses for the acids with which the metals of other 
groups may be combined. 

2. SODIUIKI^ Na'. Atomic weight, 23. Specific gravity 0*974. 
Melting point, C. — This metal somewhat resembles potassium in 

appearance, but is a little harder, and does not oxidise so rapidly in 
air, nor is its action on water so energetic as that of the latter metal. 
Its compounds occur in nature in vast masses, as rock salt, NaOl ; 
as carbonate, in native soda, Na^COgjlOOHg, and in trona, 
Na2C03,2HNaC03,30H3 ; as nitrate, in cubic nitre, or Chili salt- 
petre, NaNOj; as sulphate or Glauber’s salt, NagSO^jlOOH,; as 
biborate, Na^B^OyjlOOHg ; as glauberite, Na^SO^jCaSO^ ; and as 
cryolite, GNaF,AlgFg; and in many silicates, of which albite may 
be taken as the representative. Nearly all sodium compounds are 
easily soluble in water, a few silicates and cryolite excepted. 

Sodium may be obtained in a similar manner to potassium and 
also by heating the hydrate or oxide to a high temperature with 
carbon. The metal distils over similarly to potassium, and may be 
kept under petroleum or in a perfectly dry atmosphere. 

EXPERIMENTS. 

I. A small piece of sodium (freed from oil) heated in the tube behaves 
very like K, but requires a little higher temperature before burning. The 
oxide produced is generally whiter than with K. Its behaviour with water is 
almost identical with K. 

II. A small piece of the metal placed in cold water, as with potassium, 
melts and runs about and disengages hydrogen, which may be set on fire. 
The flame is coloured intensely yellow. A globule of red hot oxide floats on 

* The degree of solubility of a precipitate in different media can only be 
ascertained by laborious quantitative experiments. The student will there- 
fore be expected to verify only those statements respecting the solubility of 
the precipitates which require no quantitative knowledge. 
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the water, and finally dissolves, spirting or exploding as it cools down. The 
solution is alkaline to litmus as with the potassmna. _♦ * j 

Neutralise the two solutions sfith an acid, and evaporate to dryness. 
Note in each case the physical characters of the salts produced, whether 

^^^^Sodfum^should not be touched by the fingers, and must not be put in 

contact with acids. , . a i 

III. Gently warmed with sulphur in a dry tube the reaction is similar to 
that with K. " The sodium sulphide also dissolves in water. The product is 
Na.S or Na..So or a mixture of these. 


DllY REACTIO^^Si 

The intense golden-yellow colour which sodium compounds impart 
to the outer blowpipe flame is almost exclusively relied upon for 
the detection of the metal. Its spectrum consists of a bright 
double line, coinciding with the D line of the solar spectrum, 
and several green lines seldom seen. Some sodium sfilts are readily 
recognised by their characteristic taste, esjiecially rock salt and cubic 
nitre. 


REACTIONS IX SOLI TIOX. 

Sodium salts are even more freely soluble than potassium salts, 
and platinic chloride or tartaric acid give no precipit.ates, although 
analogous compounds are formed. Hydrotiuosilicic acid gives a 
gelatinous precipitate from concentrated (atpieous) solutions only ; 
the precipitate is insoluble in alcohol. 

Sodium hydrate and sodium carbonate act in many respects like 
potassium hydrate and carbonate. 

3 . AIMEMONIUM^ ^114, generally shortened to Am. Com- 
bining weight, 18 . Hypothetical metal or “compound mdicle” in 
combination. 

Ammonia, NH3, is obtainable from nititites by the action of nascent 
hydrogen, as when moist iron or zinc tilings or aluminium are mixed 
and heated with a nitrate ; from the distillation of many orgfinic 
compounds containing nitrogen with a liydrate as K HO. Its chief 
commercial source at present is coal, the >^113 being formed during 
the heating of coal in the gas manufacture. From the coal-gas it is 
separated by washing with water and weak acids. 


EXPERIMENTS. 

^ Mix a few grams of potassium nitrate with five or six times as much fine 
iron filings and moisten very slightly. Warm the mixture gently in a test 
tube fitted with a cork and glass tube. Chlorine later ) 

Catch some of the gas in an inverted dry test tube in which a piece of red 
litmus paper has been placed. Fill another tube similarly and then introduce 
a tew drops of water, close tube with thumb and shake, a partial vacuum will 
be formed hy the gas dissolving in the water. Add litmus to the water. 

dd acid f his water until neutral, and evaporate carefully to dryness, best 

on a water-bath ; an ammonium salt is formed. 


The reaction between nitrate and moist iron is probably 
a 2(KN03) + 5 Fe = oFeO + K ,0 + N, 



AMMONIUM. NITRIDES. 
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and at the same time • 

3Fe + 3HjO ==*3FeO + 6II. 

# 

The H and N being liberated together combine to form 2 (NH,). 
The reactions may be more complex than this. 

Any ammonium compound, as sal ammoniac, when mixed 

and warmed with CaO, lime, or almost any other oxide or hydrate, 
will give off NH3 as gas. 

2 NH,C 1 + CaO = 2NH^ + H ,0 + CaCI,. 

The gas is very soluble in cold water but may be expelled on boiling 
for a short time. 

Alcohol dissolves still more NH3 than water. Both solutions 
absorb CO^ from the air. 

When ammonia, NH3, either in the gaseous state or in solution 
in water, combines with acids, a “ direct^' combination takes place. 
No hydrogen is displaced on either side, thus, NH3 + HCl = NH^Cl. 
The water solution of NH3 acts very much like KHO or NaHO and 
is therefore termed a hydrate, supposed to be NH^OH. The salts 
resemble K and Na salts very much, hence the “ ending, which 
indicates that in combination NH3 appears to act the part of a metal 
to some extent. 

A red-hot platinum 'vvire continues to glow in a mixture of air with 
ammonia gas, some oxides of nitrogen being formed and eventually 
nitrous and nitric acids. NH3 does not burn in air but readily in 
oxygen with a yellow flame. Ammonia solution slowly oxidises on 
exposure to air, some nitrous acid being formed. 

Some metals, as Na, K, Mg, decompose NH3 when heated with 
the gas, giving off hydrogen and forming nitrides : 

2NH3 + 3 Mg = Mg3N3 + 3H3. 

These nitrides are decomposed again by water into metallic oxide 
and NH3. MggNj + = 3 MgO -h 2NH3. Some of this nitride 

is formed when Mg burns in air. 

DRY REACTIONS. 

Most ammonium salts, when heated in a dry-tube, volatilise, 
either entirely or partially. Salts with fixed acids, such as phosphoric 
acid, lose ammonia, NH3. Salts of ammonium with volatile acids can 
be volatilised, either wi£/i decomposition, such as the nitrate, nitrite, 
sulphate, the latter with formation of nitrogen, water, ammonia, and 
sulphurous anhydride ; with temporary dissociation only, such as the 
chloride, bromide, iodide ; the latter salts, condensing again, for the 
most part unchanged, and are found in the upper part of the test- 
tube.* 

* When solids vaporise on heating and condense again to solids on the 
cooler parts of the apparatus, the process is termed ** sublimation.” It 
does not differ essentially from distillation. 
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NESSLER’S TEST. 


BEACTIO«S IN SOLimON. 

All ammonium salts are soluble in water. 

PtCl^ produces a heavy yellow precipitate of ammonium platinic 
chloride, 2X11^01, PtCl^. The precipitate is soluble in much water 
(hence there appears no precipitate from dilute solutions), but in- 
soluble in alcohol and ether. Ammonium platinic chloride leaves on 
ignition spongy platinum. (Distinction from potassium platinic 
chloride, which l^ves spongy platinum and potassium chloride, 
Pt 2KC1.) 

Tartaric acid produces from a concentiated solution of ammonium 
chloride a white crystalline precipitate of hydrogen ammonium tar- 
trate, resembling the potassium precipitate in its appearance. The 
two precipitates are readily distinguished on ignition. Hydrogen 
potassium tartrate leaves a carbonaceous residue, which is strongly 
alkaline, and the potassium carbonate which it contains dis.solves in 
water. The other leaves merely a residue of carbon, devoid of any 
alkaline reaction. 

Neutral or normal salts of some polybasic oxy-acids, e.y., well dried 
alkaline borates, phosphates, readily decompose ammonium salts, 
especially when heated, with evolution of ammonia gas, and formation 
of acid salts. Calcium phosidiate will also lil)erate N IIj, thu-s : — 


Ca3P.O, 


2NII,C1 = Ca,H,P,0, -i- CaCl, + 2 Nir • and 
0a,H,P,0, - HD = Ca,P/>:. 


This reaction distinguishes, therefore, between normal and acid 
salts of polybasic acids. 

gas is readily recognLsed, 1 st, by its pungent oilour ; 2 nd, 
by its turning red litmus paper blue : :>rd, bv its combining with the 
vapour of volatile acids (such as hvdrochloric acid) to form tvlute 
fumes (NHDI)- 

Kessler’s test* for traces of ammonia.— If a pota.sh solution of 
potassium mercuric iodide, 2KT,HgI,, be a(Med to a tluid containing 
mere tiaces of ammonia or of an ammonium salt, a brown ju'ecipitate of 
imer^uramnionium iodide, or a yellow to brown coloration is produced, 
accor ing to the f^uantity of the ammonium compound present — 


Brown pp. 


-t- i ivi -h 




2(2KI,Hgl3) + 3KHO + NH^HO 

Brown pp. 

hydrate and carbonate, as well as various other 

Xde chloride, ammonium sul- 

phide, are most useful reagents for analytical purpose.s. 

thus nitrates and nitrites react with each other 


J>HD1 + KNO 3 = KCl 4- 2H O -j- N O 
and KNO, + NH.Cl = KCl -t- 2H,0 + N,. 

onsequence it is possible that ammonia may escape detection 

* lor the preparation of Kessler’s solution, see Appendix (Reagents). 
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in a mixture of this kind if the nitrate or nitrite be in excess and 
the mixture be heated. , 

4 . IIKAGNZSSZUM, Mg'". Atomic weight, 24 . Specific gravity, 
1 ’ 75 . Melting point, 750 ® C. Boils at about 1100 ® 0 .(?)— This 
metal is silver white, malleable and ductile, does not oxidim in dry 
air, but is readily acted upon by acids, and also decomposes water 
when boiled with it. It occurs in nature as oxide, in the mineral 
periclase, MgO; as hydrate in brucite, Mg(HO),; as carbonate in 
magnesite, MgCOj ; and in hydromagnesite, 3MgC03,Mg(0H)j,3H,0 ; 
as double carbonate in dolomite, CaCOgjMgCO^, and mesitine spar, 
MgC03,Fe003 ; as sulphate in kieserite, MgSO^jH^O (from Stassfurth 
salt), and in epsomite, MgS04,7H30 ; as silicate in peridote, Mg^SiO^, 
enstatite, MgSi03, steatite, SMgSiOjjSiO,, talc, 4MgSi03,Si03, ser- 
pentine, 2MgSi03,Mg(0H)3, and in diopside, CaSiOjjMgSiOj ; and 
as borate in boracite, oMgB^O^jBjOj. 

EXPERIMENTS. 

I. Mg. heated in tube generally inflames at about the melting point. A 
white oxide, MgO, is formed which is very light, but neither volatile or 
fusible. Placed in water it scarcely dissolves ; placed on moist red litmus it 
just turns it blue. It dissolves in acids. 

II. Boiled with water, hydrogen is slowly given off and MgOHjO formed, 
a white powder soluble in acids. 

III. Heated with sulphur to a high temperature in a hard glass tube, a 
sulphide can be obtained, but in a test tube the glass gives way before this 
action begins, 

IV. HCl acts very energetically, giving off hydrogen and forming MgCl2. 
HoSO^, dilute, acts similarly, and the solution on evaporation gives crystals of 
MgSO^jTHjO, magnesium sulphate. Nitric acid acts more slowly ; on 
evaporating this solution nearly all the nitrate is decomposed and MgO left. 

V. Soda, NaOH, dissolves the metal forming white MgO and evolving H. 


DRY REACTIONS. 

Magnesium salts, as such, impart no colour to a non-luminous 
gas-flame. The most characteristic reaction for magnesia, in the dry 
way, is the pale rose colour which this oxide acquires on moistening 
it with cobaltous nitrate, and then igniting it once more strongly on 
charcoal. 

This colour can, however, only be relied on when no other 
metallic oxides are present ; and as magnesium salts do not colour 
the outer blowpipe flame, recourse must almost invariably be had to 
reactions hi solution. Ignition of the sulphate on charcoal in the 
reducing flame yields the sulphide, MgS. Prolonged ignition of the 
carbonate yields the oxide, magnesia, MgO, which is almost insoluble 
in water. The chloride MgCl^ also loses some chlorine on ignition in 
air. The nitrate is easily decomposed, oxide resulting. 


REACTIONS IN SOLUTION. 

Sulphate, chloride, nitrate, acetate dissolve in water. 

Magnesia is not precipitated by ammonia in the presence of 
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ammonium chloride, because informs a soluble double chloride.* ^ In 
the absence of ammonium chloiiide, part of the magnesia is precipi- 
tated as hydrate, Mg(HO)3, thus — 

2 MgCl. + 2NH,HO = Mg(HO), + 2NH,Cl,MgCI,. 

{Soluble double chloride. 

In the presence of a sufficient amount of ammonium chloride, 
the magnesium hydrate is at once decomposed into magnesium 
chloride ; Mg(HO), + 2NH4CI - MgCl, + 2NH,HO, and no pre- 
cipitation takes place, nor is the double chloride precipitated by 
ammonium, sodium, or potassium carbonates, unless the two latter 
be boiled for some time with the double salt. Hence magnesium 
cannot be precipitated in Groups III. and IV., provided a svifficient 
amount of ammonium chloride be present, and the solution be kept 
moderately dilute. 

Potassium, sodium, calcium, and barium hydrates precipitate 
magnesium almost completely as white magnesium hydrate, nearly 
insoluble in cold and hot water. Ammonium chloride as well as 
other ammonium salts dissolve it readily, and if originally present in 
sufficient quantities, prevent its formation. 

Ammonium oxalate gives after some time from moderately dilute 
solutions of magnesium salts, a white crystalline precipitate of a 
double oxalate of magnesium and ammonia ; but not in the presence 
of excess of ammonium chloride. N.B. — In this case excess means 
very little more than necessary to form the double salt. 

HNa^PO^ (hydrogen disodium phosphate) precipitates hydrogen 
magnesium phosphate, HMgPO^. 

The precipitation is complete in the presence of ammonium 
chloride and ammonia NH^MgPO^, ammonium magnesium phosphate, 
being formed as a white crystalline precipitate. A very dilute 
solution should be gently^ heated and stirred with a glass rod. The 
precipitate deposits on the faint scratches caused by the glass rod on 
the tube. The precipitate is almost insoluble in water and ammo- 
nium salts. In water containing ammonia it is practically insoluble. 
Dilute mineral acids dissolve it, as well as acetic acid. From very 
dilute solutions the precipitate separates only on standing for about 
twenty-four hours in a warm place. 

On heating magnesium chloride with precipitated mercuric oxide, 
the chloride is converted into oxide, mercuric chloride being volati- 
lised. This experiment must be conducted in a closet which is 
provided with a good indraught of air, and is in connection with a 
chimney flue. Nearly’^ a red heat is required. 

Methods for the recognition and separation of Mg, K, Na, and 
Am will readily suggest themselves, if the student bear in mind — 

♦ A number of compounds of this nature exist, but their “ constitution is 
not known with certainty, so they are provisionally termed “ molecular 
combinations or double salts. 

This magnesium-ammonium salt is possibly, 

HClNH^v /HCl 

HCINHX \hC1 
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1st. The volatility of ammonium salts (phosphates and borates 
excepted). * 

2 nd. The insolubility of Mg(HO)* in water. 

3rd. The insolubility of 2KCl,PtCl^ in alcohol. 

4th. The intense yellow coloration sodium compounds impart to 
the blowpipe or Bunsen flame. 

A solution containing salts of Mg, K, Na, and NHj may be 
examined as follows : 

1 st. Heat a portion with NaHO ; ammonia gas is given off, 
which is recognised by its pungent odour and effect 
on red litmus paper — ^presence of NH 3 . 

2nd. To a second portion add ammonium chloride, ammonia, and 
sodium phosphate ; a white crystalline precipitate indi- 
cates the presence of Mg. 

3 rd. Evaporate a third portion to dryness and ignite strongly. 

Extract with hot water (without filtering off any mag- 
nesium oxychloride (MgjOClj) which may have been 
formed), and add sufficient !I^HO)j till the whole of 
the magnesium is precipitated as Mg(HO) 3 ; filter. To 
the filtrate add (NH^) 3 C 03 as long as a precipitate is 
produced, and filter again. Evaporate the filtrate to 
dryness, and ignite strongly to expel ammonium salts. 
Dissolve the residue in a little water, filter off a trace 
of MgO (if any), and test filtrate for potassium by 
means of PtCl^; a yellow crystalline precipitate = 
presence of K ; and for sodium, by heating on a plati- 
mim wire before the blowpipe fiame ; a golden-yellow 
flame indicates the presence of Na. 

It is, however, not necessary to get rid of magnesium before 
testing for potassium and sodium by the flame reactions or even by 
PtCl^ for K. 


The metals of this group are, chemically speaking, the most 
energetic elements of the metal class. They are able to turn out or 
displace most other metals from their compounds with oxygen, 
halogens, or acids. Magnesium is prepared by the action of sodium 
on the chloride MgClj. 

Mg may also be used in many cases to obtain elements from their 
oxides or chlorides, ay., Sand ; SiOj + 2Mg = 2MgO + Si. Many 
of these reactions can be performed in test tubes or in porcelain 
crucibles. 



CHAPTEE III 

REACTIONS OF THE METALS OF GROUP IV. 

This group comprises the metals barium, strontium, aud calcium, 
which are precipitated by ammonium carbonate from an ammoniacal 
solution in the , presence of ammonium chloride. The latter (if 
present in sufficient quantity) prevents the precipitation of mag- 
nesium. 

The three elements barium, strontium, and calcium are scarcely 
known in a metallic state. They resemble each other very closely in 
physical and chemical properties, and their compounds are often, 
indeed generally, found associated in nature. 



Atomic weight. 

Sp. gr. 

Melting point. 

Ba . 

. 13C-7G 

3-75 

about that of cast iron. 

Sr . 

87-39 

2-54 

at a red heat. 

Ca . 

39-91 

1-57 

at a red heat. 


The metals are not sensibly volatile at the highest furnace 
temperature. They appear to be volatile in the electric furnace. 
They all decompose water at the ordinary temperature, and oxidise 
rapidly, on the surface, in air. When heated to redness in air or 
oxygen they burn very brilliantly. 

1. BARIUM, Ba". Occurs in nature chiefly in the form of 
heavy spar, BaSO^, and as witherite, BaCOj. 

DRY REACTIONS. 

Barium compounds when held in the lower and outer part of a 
Bunsen gas burner or when heated on thin platinum w’ire in the 
inner blowpipe flame impart a yellowish-green colour to the outer 
flame, especially when previously moistened with strong hydrochloric 
acid. When viewed through the spectroscope (the chloride or chlorate 
show best, two green lines. Baa and BajS, come out most intensely ; 
Bay is less marked. Besides these, there are numerous lines in the 
red and yellow, and one broad indistinct line in the blue, close to F 
of the solar spectrum. 

Heavy spar heated on charcoal in the reducing flame is reduced to 
barium sulphide, BaS, which fuses readily. This reaction is made 
use of to prepare on a manufacturing scale soluble barium salts from 
the smlphate. Barium carbonate is decomposed only slowdy even by 
ignition to a strong white heat. 
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EXPERIMENT. 

Either of the reactions mentioned should be performed and salts made 
from the BaS or BaC 03 for testing. 

REACTIONS IN SOLUTION. 

Barium salts are obtained by dissolving the native carbonate or 
witherite BaCOj in dilute acids.* Heavy spar is attacked by alkaline 
carbonates at a high temperature. By mixing, on a small scale, finely 
powdered barium sulphate with three to four times its weight of 
fusion mixture or sodium carbonate, and heating in a platinum 
crucible over a gas flame, it is converted into barium carbonate, 
thus : — 


BaSO^ + Na^C 03 = BslCO^ + Na.SO^. 

Insoluble Soluble in 
in water. water. 

On extracting the fused mass with hot water and filtering, BaCOj 
is left, which is soluble in most acids. 

The nitrate, chloride, chlorate and acetate are soluble in water. 
Solutions should he dilute when used for testing. 

(NHJ3CO3 (group-reagent) precipitates white barium carbonate, 
BaCOg, soluble with decomposition in acids; somewhat soluble in 
ammonium chloride. With carbonic acid it forms a soluble acid 
carbonate (BaC03,H2C03), which is reprecipitated on boiling with 
evolution of carbonic anhydride. Barium carbonate is partially de- 
composed by alkaline sulphates — e.g.^ potassium sulphate, into barium 
sulphate and alkaline carbonate. The decomposition is complete in 
the presence of free carbonic anhydride. SrC03 and CaCOg are not 
changed, even on boiling with K^SO^. 

Sodium or potassium carbonate, same precipitate. 

KHO and NaHO, free from carbonates and sulphates (which they 
rarely are), give from highly concentrated solutions a voluminous 
precipitate of barium hydrate, Ba(HO)2, soluble in water. A 
solution of the hydrate in water is known as baryta-water. It 
possesses a strong alkaline reaction and great alfinity for carbonic 
anhydride for which it is used as a reagent. 

NH^HO gives no precipitate. 

HjSO^, and all soluble sulphates, give on warming and especially 
in the presence of free acid, a white, heavy precipitate of barium 
sulphate, BaSO^, even from very dilute solutions of barium salts. 
The precipitate is insoluble in water, dilute acids, and alkalies; 
soluble to a perceptible extent in boiling concentrated hydrochloric 
and nitric acids, and also in concentrated solutions of ammonium 
salts, but not if the precipitants are in excess ; soluble also in con- 
centrated boiling sulphuric acid, with formation of dihydrogen barium 

Dilute acids (HCl or HNO3) should be employed, as the barium chloride 
and barium nitrate, which result from the action of these acids upon witherite, 
are insoluble in the concentrated acids. Normal acids are strong enough. 
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disulphate, BaSO„H,SO,. Tlv3 presence of an alkaline citrate^greatly 
interferes with its precipitatiop. Solutions of strontium or calcium 
sulphate (two sulphates which are but slightly soluble in water, 
especially the former) constitute the most characteristic tests for 

barium. . 

BaSO^ requires about 400,000 parts of pure water for solution ; 
SrSO^, 7000 parts ; whilst CaSO^ dissolves in ^90 parts of water at 
35 ""C., and in 460 parts at 100'’ C., being in fact less soluble in hot 
than in cold water. 

HNa^PO^ (hydrogen disodium phosphate) gives from neutral or 
alkaline solutions a white precipitate of hydrogen barium phosphate, 
HBaPO^, readily soluble in dilute nitric, hydrochloiic or acetic acid. 
Perceptibly soluble in ammonium chloride. 

(NH^)^ (ammonium oxalate) gives from a moderately dilute 
solution of a barium salt, a white pulverulent precipitate of barium 
oxalate, C^O^Ba, soluble m dilute nitric or hydrochloiic acid. Soluble 
also in oxalic and acetic acids when freshly precipitated. 

KgCrO^ (potassium chromate) gives a bright lemon-yellow pre- 
cipitate of barium chromate, BaCrO^, even from very dilute neutral 
or moderately acid (acetic acid) solutions, readily soluble in nitric, 
hydrochloric or chromic acid (H^CrO^) — reprecipitated by ammonia. 
— (Distinction from strontium and calcium salts, which are not pre- 
cipitated from dilute solutions if acetic acid be present.) 

2 HF,SiF 4 (hy droll uosilicic acid) gives a colourless crystalline 
precipitate of barium silicofluoride, BaF^SiF^, which subsides quickly, 
especially upon the addition of an equal bulk of alcohol. It is some- 
what soluble in water and in dilute acids but insoluble in alcohol. 
(Distinction of barium from strontium and calcium salts, which give 
no precipitate even on the addition of alcohol.) 

Soluble barium salts, constitute exceedingly useful reagents for 
the detection of several acids, on account of the metal barium forming 
many insoluble salts. 

2. STRONTIUIVE^ Sr". — ^Occurs in nature as sulphate in the 
mineral celestine, SrSO^ ; and as carbonate in strontianite, SrCOg. 

DRY REACTIONS. 

strontium compounds when heated on platinum wire in the inner 
flame, colour the outer flame intensely crimson. When the flame is 
viewed through the spectroscope, it shows a number of characteristic 
lines, more especially the Sr^ and y lines in the red and the line SrS 
in the blue, which latter is particularly suited for the detection of 
strontium in the presence of Ba and Ca. 

Celestine, SrSO^, heated on charcoal in the reducing flame, is con- 
verted into strontium sulphide, SrS, from which the chloride may be 
prepared for blowpipe and other reactions, by treating the residue 
with hydrochloric acid. Strontium carbonate, heated in a platinum 
crucible, over a gas blowpipe, is almost completely converted into 
oxide after about 20 minutes’ heating. 
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BEACTIONS IN SODUTION, 

The nitrate, chloride, acetate, are* somewhat more soluble than 
the corresponding Ba salts. 

(NH4)jC 03 (group-reagent) gives a white precipitate of strontium 
carbonate, SrCOg, less soluble in ammonium chloride than the corre- 
sponding barium carbonate ; soluble in dilute acids. Carbonic acid 
produces the soluble hydrogen strontium dicarbonate SrCOgjHgCOj, 
which is decomposed on boiling into normal carbonate, carbonic an- 
hydride, and water* 

Sodium or potassium carbonate, same precipitate. 

II2SO4, or a soluble sulphate, produces a white precipitate of 
strontium sulphate, SrSO^. From dilute solutions a precipitate 
appears only after some time, especially if calcium sulphate be used 
as the precipitant. Heat assists the precipitation. The precipitate 
dissolves perceptibly in hydrochloric or nitric acid, but is insoluble 
in alcohol. It is insoluble also on boiling in a concentrated solution 
of ammonium sulphate and a little ammonia. (Distinc- 

tion between strontium and calcium.) 

A solution of strontium sulphate in water is not precipitated by 
ammonium oxalate, but itself readily precipitates barium salts. 

HNa^PO^ (hydrogen disodium phosphate) gives a white precipitate 
of hydrogen strontium phosphate, soluble in acids, including acetic 
acid. 

C2O4 (ammonium oxalate) precipitates strontium salts 

more readily than barium salts. The white precipitate of strontium 
oxalate, CjjO^Sr, is readily soluble in dilute nitric or hydrochloric 
acid ; somewhat soluble in ammonium salts and in oxalic or acetic 
acid. 

The chromate, SrCrO^, is soluble in acetic acid and other acids, 
nearly insoluble in water and ammonia. 

3 . CA-XaCIUIME^ Ca". — Occurs in enormous quantity in nature, 
in combination with carbonic, sulphuric, silicic and phosphoric acids. 
In plants it occurs combined with carbonic, sulphuric, and phosphoric 
acids ; in animals combined with phosphoric and carbonic acids. It 
is occasionallj^ also found in minerals which result from the action of 
acids (such as nitric or arsenic acid) upon calc spar or chalk. 

The principal calcium minerals are the various calcium carbonates, 
which differ in physical properties or in crystalline structure, such 
as calc spar, CaC03 (containing occasionally, barium, magnesium, iron, 
manganese, lead, in variable proportions, and passing gradually into 
baryto-calcite and dolomite, siderite, diallogite, and plumbo-calcite), 
arragonite, marble, limestone, chalk ; the sulphates, such as gypsum, 
CaSO^jHgO, anhydrite, CaSO^, alabaster, selenite; the phosphates, 
such as apatite, some containing both chlorine and fluorine ; bone- 
earth, 0a3P30s, and fluor spar, CaF^. 

DRY REACTIONS. 

Most calcium compounds, when heated in the inner flame of the 
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blowpipe, colour the outer flame yellowish-red; calcium phosphate 
and borate excepted. The pyesence of strontium entirely obscures 
the calcium reaction. The calcium spectrum shows, among other 
lines in the red and yellow, an intensely gi’een line, Ca/S, also an 
intensely orange line, Caa. 

Calcium carbonate when strongly ignited becomes converted into 
caustic or quicklime, CaO, which reacts alkaline to test papers. It 
combines with water very eagerly, evolving much heat, and is 
converted into calcium hydrate, Ca(HO), (slaked lime), which is less 
soluble in water than either barium or strontium hydi’ate. It is also 
more soluble in cold than in hot water. Calcium sulphate is con- 
verted into calcium sulphide, CaS, when ignited on charcoal in the 
reducing flame. It also reacts allmline. 

REACTIONS IN SOLUTION. 

Calcium salts are readily prepared from pure calc spar or marble, 
by means of dilute acids. Many of its salts are soluble in water, 
the nitrate and chloride especially so, and are deliquescent, 

(NH^)2C03 (group-reagent) precipitates white calcium carbonate, 
CaCOg, which is bulky and amorphous at first, but on warming 
gently become rapidly crystalline. Calcium carbonate is some- 
what soluble in ammonium chloride, especially when freshly pre- 
cipitated. It is in fact partially reconverted on boiling into calcium 
chloride. 

Sodium or potassium carbonate, same reaction. 

H3SO4, or a soluble sulphate, precipitates from concentrated 
solutions of a calcium salt white calcium sulphate, CaSO^Hp 4- Aq, 
soluble in much water, and still more soluble in acids. A precipitate 
is obtained on the addition of twice the volume of alcohol from 
solutions which are too dilute to be precipitated by sulphuric acid or 
by a soluble sulphate. Calcium sulphate dissolves readily on boiling 
in a concentrated solution of ammonium sulphate, especially if slightly 
alkaline with ammonia. 

A solution of calcium sulphate precipitates both barium and 
strontium salts. 

HNa^PO^ (hydrogen disodium phosphate) gives a bulky white 
preciptate of tricalcium phosphate, Ca^Pp^, soluble in dilute hydro- 
chloric or nitric acid, and soluble in acetic acid, especially when 
freshly precipitated ; reprecipitated by ammonia. 

Potassium chromate gives a precipitate only in strong and neutral 
or alkaline solutions. 

Cp^ (NH^)^ (ammonium oxalate) produces even from very dilute 
solutions of calcium salts a white pulverulent precipitate of calcium 
oxalate, C^O^Ca Aq, readily soluble in hydrochloric or nitric 
acid; not perceptibly soluble in oxalic or acetic acid. On gentle 
ignition calcium oxalate breaks up into calcium carbonate and 
carbonic oxide gas, and on igniting very strongly, calcium oxide 
IS left. 

Soluble calcium salts, such as the chloride or nitrate, constitute 
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important reagents for the detection of organic acids, more especially 
dibasic acids, on account of the metal c^Clcium forming insoluble salts 
with many of them. • 

SEPARATION OP BARIUM, STRONTIUM, AND CALCIUM. 

Barium minerals frequently contain strontium and calcium, and 
strontium minerals barium and calcium as well. One method of 
separating these metals may be based upon — 

1 st. The insolubility of BaCl^ in absolute alcohol,* SrOl^ and 
CaClg being soluble. 

2 nd. The insolubility of and in absolute 

alcohol Ca(N03)2 being soluWe. 

For this purpose a hydrochloric acid solution of the mineral 
containing Ba and Sr, or Sr and Ca, or possibly Ba, Sr, and Ca, is 
prepared, and the solution evaporated to dryness and gently ignited. 
(Strong ignition must be avoided, as CaCl^ is slightly decomposed 
into an insoluble basic salt when heated in air) (OaOCaClJ. 

Barium is separated from strontium and calcium, by digesting the 
finely divided residue with absolute alcohol, and separating from the 
undissolved BaClg by filtration. 

Strontium is separated from calcium by evaporating or distilling 
off the absolute alcohol, which contains the SrCI^ and CaOl^; pre- 
cipitating with ammonium carbonate, filtering, and converting the 
strontium and calcium carbonates into nitrates by means of dilute 
nitric acid. The solution of the two nitrates is evaporated to dry- 
ness on a water-bath and absolute alcohol added, when calcium 
nitrate is dissolved out, strontium nitrate being insoluble in absolute 
alcohol. 

Several other methods for recognising and separating the metals 
of Group IV. will suggest themselves. 

It is often necessary to ascertain whether one or two, or all the 
metals of this group are present in a solution. This can be done by 
adding to their neutral solution a solution of K^CrO^, or 2 HF,SiF^, 
A yellow or a transparent crystalline precipitate indicates barium. 
To a portion of the filtrate add CaSO^ ; a precipitate forms, perhaps 
only after some time, proving the presence of strontium; or the 
solution remains clear, in which case calcium only need be looked 
for, the presence of which is indicated by the precipitate which 
ammonium oxalate produces from another portion of the largely 
diluted solution. If both strontium and calcium are present, separa- 
tion is necessary. 

No difiiculty will be experienced by the student in drawing up 
schemes of analysis based upon — 

1 st. The insolubility of BaCIg and Sr(N03)3 in absolute alcohol. 

* Methylated spirit that has been dried by standing over some fresh CaO 
and then distilled or even filtered will do. 
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2nd. The insolubility of BaCl, in absolute alcohol and that of 
SrSO^ in a concehtmted solution of (NH^)jSO^. 

3rd. The insolubility of BhFj,SiF^, or BaCrO^, as well as of SrSO^ 
in water ; CaSO^ being sufficiently soluble to be readily 
indicated by ammonium oxalate. 

4th. A good plan is to make a solution of the three metals in 
acetic acid, and to add to this potassium chromate : 

BaCiO^ only is precipitated, the filtrate is now made acid with 
HjSO^ when SrSO^ is precipitated ; the filtrate from this on addition 
of oxalic acid, or ammonium oxalate, gives another precipitate of 
CaC^O,. 

BaCrO^ is yellow, the other two precipitates are white, but the 
solution may be yellow owing to excess of the potassium chromate. 

The same mixture should be examined by all these processes, so as 
to get an idea of their relative accuracy. N solutions will be strong 
enough to biing out these differences. 


The oxides of these metals do not fuse or vaporise even in the 
oxy-hydrogen blowpipe flame, but glow very brightly— become 

luminous. 

They are not reduced by carbon in any ordinary furnace. In 
the “electric furnace” compounds of carbon ai’e formed, termed 
Carbides. They are probably C^M— as CaC^. On contact with 
water these give an oxide and acetylene ; 

CaCj + H,0 = CaO + O^H,. 

The melted chlorides of these metals on electrolysis, by carbon 
electrodes, give the metal and chlorine. 

The operation can be performed in a small graphite crucible 
heated over a good Bunsen flame, using rods of gas carbon to lead in 
the current from 5 or G Bunsen or Grove cells. 

Very small globules of the liberated metals attach themselves to 
the anode or negative carbon, and may, with difficulty, be obtained 
by rapidly removing the caroon and dipping into heavy petroleum 
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REACTIONS OF THE METALS OF GROUP III. OR THE 
AMMONIUM SULPHIDE GROUP. 

Group III. comprises the metals aluminium, chromium, iron, cobalt, 
nickel, manganese, zinc. The phosphates of these metals, and of 
magnesium, barium, strontium, and calcium are also precipitated if 
phosphoric acid be present. 

« 

To get an idea of the working of this group it is advised that 
some if not all the fpllowing exercises be performed : 

1. Add to a centinormal solution containing cobalt nitrate, ferric 
chloride, and calcium phosphate, dissolved in a little dilute hydro- 
chloric acid, a strong solution of ammonium chloride, and then 
ammonia. A precipitate is produced. Filter, and add to the filtrate 
ammonium sulphide. A further precipitation takes place ; the pre- 
cipitate is black. 

This shows that some members of this group are precipitated by 
NH^OH and NH^Cl ; others only on the addition of NH^HS. 

2. Add to a solution of ferric, chromic, and aluminic chlorides 
{FejClgjCrjCle, and AljClg) ammonium chloride and ammonia, till it 
is just distinctly ammoniacal, and boil for a few minutes. A bulky 
gelatinous precipitate is obtained. Filter. Add to the clear filtrate 
a few drops of ammonium sulphide : no further precipitation takes 
place. 

Showing that iron, chromium, and aluminium are precipitated 
{as hydrates) from their saline solutions by NH^Cl and NH^H alone, 
without the aid of NH^HS. (Ammonium chloride has no share in the 
precipitation, but counteracts the solubility of the aluminium hydrate 
in excess of the precipitant and prevents the partial precipitation of 
magnesium and some metals of Group III. as hydrates if present in. 
ihe solution.) 

3. Dissolve some barium, strontium, calcium, and magnesium 
phosphates in dilute hydrochloric acid, and cautiously add to the 
solution ammonia. No precipitate is produced till the free acid has 
been neutralised (with formation of ammonium chloride), when the 
phosphates are reprecipitated. Filter and add ammonium sulphide 
to the filtrate. No further precipitation takes place. 

This shows that the phosphates of the alkaline earthy metals are 
precipitated by ammonia alone. 

4. Dissolve some phosphates of Ni, Co, Mn, Zn, and Fe*’ in 
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dilute hydrochloric acid.* To one portion of the solution add 
ammonium chloride and anfmonia. A precipitate is formed. The 
phosphates are reprecipitated f Filter and add ammonium sulphide ; 
a further precipitate is produced; showing that the phosphates of 
these metals are not entirely precipitated by ammonium chloride 
and ammonia. 

These two reagents precipitate — 

Nickel phosphate 
Cobalt „ 

Manganese „ 

Zinc „ 

Barium „ 

Strontium „ 

Calcium „ 

Magnesium ,, 

5. To a solution of the sulphates or chlorides (free from Fe) 
of Ni, Co, Mn, and Zn, add NH^Cl in considerable excess, and then 
NH^HO in slight excess. No precipitate is obtained because the 
NH^Cl forms double chlorides of the metals which are not effected 
by NH^HO.t To one portion of this solution add strong sul- 
phuretted hydrogen water (or pass a current of sulphuretted 
hydrogen gas) ; a copious precipitate is produced, consisting of NiS 
and CoS (black), ZnS (white), and MnS (pale pink). 

This shows that nickel, cobalt, manganese, and zinc salts are not, 
precipitated by NH^Cl and NH^HO, but by NH^HS. 

On exposing the other portion of the solution for some time 
to the air, it is seen to turn turbid where it is in contact with 
the air. Shake the solution and the turbidity increases rapidly ; 
showing that NH^Cl and NH^HO produce, under favourable 
conditions, a partial precipitation (owing to oxidation of the Mn 
compound). 

G. To another portion of the solution of the phosphates of Ni, Co, 
Mn, Zn, and Fe (see 4), add the chloride, hydrate and sulpliide of 

* This solution may also be prepared by adding hydrogen disodium phos- 
phate to solutions of the above metals as long as a precipitate forms, and 
dissolving the precipitate in a little hydrochloric acid. 

t The chlorides of the metals Zn, Ni, Co, Mn also form compounds with 

dry ammonia, NH 3 , as represented by the zinc compound, ZnCL,52^. This is 

“ W Jig 

the most stable of any in the group. Its probable constitution is ZnHS^IfSf 

These metals and manganese also form compounds of the form MnClj^NH^Cl. 
Cr and A1 also form similar compounds, but they are very unstable. The dry 
chlorides of Ba, Sr, Ca, and Mg, also unite with dry ammonia, as CaCl /NH* 
as well as forming compounds with NH^Cl. They are or hydraziw 

compounds probably. 

The Co and Mn compounds of this class oxidise very rapidly, Cr slower. 

On adding ammonium chloride and hydrate to chromium solutions a violet 
or purple-coloured solution is often obtained. This is undoubtedly due to 
the formation of a chrom-ammonium or hydrazine compound. 


Aluminic hydrate and phosphate 
Chromic „ 

Ferric ,, 
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ammonium, without first separating py filtration the precipitate 
produced by NH^Cl and NH^HO. Tjie phosphates of Co, Ni, Mn, 
Zn, and Fe, which may be considered as existing in the hydrochloric 
acid solutions as acid or hydrogen salts, are converted into sulphidas, 
and ammonium phosphate is left in solution. 

7. To a solution of Fe^CJg add NH^Ol and NH^HO. A reddish- 
brown precipitate of ferric hydrate, Fe 2 (HO)g, is produced, which on 
the addition of (N £[ 4 ) 28 , turns black. 

This shows that iron is first precipitated as hydrate, and is 
subsequently converted into sulphide. Some sulphur is generally 
precipitated in this action. Chromium and aluminium are pre- 
cipitated under the same circumstances as hydrates, as they do not 
form sulphides in contact with water. 

It will thus be seen that the group-reagents NH^Cl and NH^HO, 
for reasons stated under 4 and 5, do not thoroughly separate some 
of the members of Group III. from the others. The three reagents* 
if added together precipitate : — 


1 . Sulphides — 



FeSl 

CoS^ black 

NiSj 

MnS 

ZnS 

pale pink or yellow 
white. 

2. Hydrates — 



Alj^HO)^ white 

Cr,(HO), 

green. 


3. Phosphates of Cr, Al, Ba, Sr, Ca, and Mg, Tvhite or nearly so. 

* Add ammonia to a solution of barium, strontium, calcium (and magne- 
sium) oxalates in dilute hydrochloric acid, as long as a white precipitate is 
obtained. The oxalates of the alkaline earths are reprecipitated more or 
less completely as soon as the hydrochloric acid which (as in the case of the 
corresponding phosphates) holds them in solution is completely neutralised. 

The same applies to the fluorides, borates, tartrates, citrates, &c., of these 
earthy bases which are precipitated by NH^HO, although in the presence of 
much NH 4 CI they are to a great extent held in solution. 

Silicic acid and silicates, soluble in hydrochloric acid, are likewise acted 
upon by NH^Cl and NH^HO, gelatinous silica, and silicates, being precipitated. 

Arsenates would also be thrown down here under the same circumstances, 
but in the ordinary course of procedure they are decomposed in the second 
group. 

Notice particularly^ that in order to avoid complicating the qualitative course^ 
it is usually preferred to evaporate the hydrochloric acid filtrate from Group II, 
to complete dryness, tcith the addition, towards the end of the evaporation, of a 
little concentrated nitric acid, whenever ammonium chloride and hydrate produce a 
precipitate. By these means silicic anhydride, SiO^ is left behind insoluble in 
acids; the fluorides and borates are for the most part decomposed; boric and 
hydrofluoric acid being set free or volatilised. Oxalates are destroyed icith 
evolution of carbonic anhydride by the oxidising action of the nitric acid ; and 
tartrates, cCc., are broken up by gentle ignition into carbon and volatile gaseous 
products; ferrous salts are converted into ferric salts, and on extracting the 
ignited residue with a little concentrated hydrochloric acid, the metals are obtained 
in solution as chlorides, together only with the phosphates of the alkaline earths, 
earthy and metallic bases, — Bee Tables, 

C 



34 NICKEL EXPERIMENTS AND PROPERTIES. 

mCKEl«5 Ni'' and Occurs in nature as sulphide, NiS", in 
capillary pyrites, hair nickel, jor millerite ; as arsenide, in arsenical 
nickel, As^Ni, and in copper-nickel, As^Ni, ; as antimonide, Sb^Nij, 
in antimony nickel, combined with sulphide, as in nickel glance or 
grey nickel ore, As3Ni,NiS3, as antimony nickel glance, Sb^i,NiS, ; 
also in the form of minerals, which are the result of the oxidation of 
other nickel minerals, e.gr., as nickel ochre, Ni3AsjOg, and emerald 
nickel, NiC03,2Ni0,6H30, as silicate in Rewdanskite, and as nickel 
magnesium silicate in the important mineral garnierite. 

The metal nickel is very much harder than iron, and exhibits a 
slight yellow tint on a fresh or polished surface. Its atomic weight 
= 57'93, specific gravity 8*9 ; it melts between 1450^ and 1600^ C. 
It does not oxidise appreciably at ordinary temperatures in air or in 
contact with water, but acts upon acids readily. It becomes decidedly 
magnetic, but in an inferior degree to iron. 


EXPERIMENTS. 

Metallic nickel can be obtained as wire or thin sheet. The electro- 
deposited metal is very suitable for these experiments. 

I. Heated in the open tube a piece of blight nickel loses its lustre, but no 
detachable amount of oxide is formed in a moderate time, unless some pure 
oxygen be sent through the tube. The oxide formed adheres closely, but may 
be scraped off with a knife, 

II. Water has no action below 100^ 

III. Heated with sulphur, the action is somewhat slow. At a moderate 
temperature a grey-black sulphide is formed, NiS. It is crystalline, but not 
very fusible ; insoluble in water ; decomposed by acids. 

IV. HCl dissolves the metal readily with evolution of hydrogen, which 
smells somewhat like coal-tar. The solution is bright-green ; on evaporation 
a yellow solid, NiCl 2 * is left. Sulphuric acts similarly, and gives green 
crystals of sulphate, NiSO^. 

Nitric acid gives a blue-green solution ; red fumes evolved. Solution on 
evaporation leaves yellowish crystals of NiNoOe-— very deliquescent. On 
heating to redness, a black oxide is left. 

The oxide dissolves in acids but not in soda. Freshly precipitated Ni(HO). 
dissolves, partly, in ammonia solution. ^ 


DRY REACTIONS. 

When nickel compounds are heated on charcoal with dry sodium 
carbonate in the inner blowpipe flame, they are reduced to a grey 
metallic powder which is feebly magnetic. Heated on a borax bead, 
in the outer flame, they yield an intensely coloured glass, which 
appears hyacinth-red to violet-brown when hot, and reddish-brown 
when cold. On fusing a little nitre in the bead, the colour is changed 
to bluish or dark purple, whereby nickel compounds may be distin- 
guished from iron. Heated in the reducing flame the colour of the 
borax bead disappears, and it assumes a turbid grey appearance, 
owing to finely divided particles of metallic nickel. The reactions 
with microcosmic salt are similar, but the bead becomes almost 
colourless when cold. 
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REACTIONS IN SOLUTION. 

Chloride, nitrate, and sulphate are soluble. Nickel salts, con- 
taining water of crystallisation, are mostly green, and their solutions 
are green. When heated they lose water and change to yellow, and 
are amorphous when they have not been melted. Comp, Cobaet, 
p. 36. A solution of both a nickel and a cobalt salt may be red, 
green, or colourless, according to the quantities present of each of 
the metals. 

(NH4)3S (group-reagent) gives a black precipitate of nickelous 
sulphide, NiS, soluble in excess of the reagent, especially in the 
presence of free ammonia or of yellow ammonium sulphide, forming 
a dark brown solution — good indication of nickel. The sulphide is 
slowly reprecipitated on boiling. The presence of ammonium chloride 
(or better still, ammonium acetate) assists the precipitation. Nickel- 
ous sulphide dissolves with difficulty in dilute hydrochloric acid, but 
readily in nitric acid or aqua regia. 

SHg gives no precipitate in acid solutions, and a partial precipitate 
only from a salt of nickel with a mineral acid ; but produces readily 
a precipitate from a solution of nickelous acetate, or a nickelous salt 
mixed with an alkaline acetate, especially on heating. 

NaHO or KHO precipitates from cold solutions an apple-green 
coloured hydrate, Ni(HO)2, insoluble in excess, soluble in ammonium 
salts to a greenish-blue fluid. Nickelous hydrate leaves on ignition 
nickelous oxide. It does not absorb oxygen from the air. 

NH^OH produces a slight greenish precipitate, readily soluble to a 
blue fluid. No precipitate in presence of ammonium chloride owing 
to a double being formed. 

Na^COg precipitates an apple-green basic carbonate, varying in 
composition. 

NH4HCO3 same precipitate, readily soluble in excess, after wash- 
ing, to a greenish-blue solution. 

XOy^ gives a yellowish-green precipitate of nickelous cyanide, 
NiCy^, which dissolves readily in excess of potassium cyanide to a 
brownish-yellow solution, containing a double cyanide of nickel and 
potassium, 2KCy,Ni0yjj. On adding a dilute acid (HCl or H^SOJ, 
NiCy^ is reprecipitated, and the KCy is decomposed with evolution 
of HCy. Boiling with hydrochloric acid decomposes the nickelous 
cyanide also. 

The solution of the double cyanide is not altered by boiling with 
excess of HCy, but the nickelous salt is oxidised in the cold by a 
concentrated solution of sodium hypochlorite, ClNaO, or chlorine or 
bromine water, to black nickelic hydrate, Nig(HO)g, which is gradu- 
ally precipitated ; thus : 

2NiCy, + ClNaO + bOH, = + NaCl + 4HCy. 

Nickelic hydrate may also be obtained by passing chlorine through 

* Potassium cyanide is seldom pure enough to give this reaction cleanly 
The salt should be recrystallised from alcohol when required for this test. 
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water in which nickeloiis hyiJrate Ls suspended. HCl decomposes the 
higher oxidised compound into nickelous chloride and free chlorine. 
Nickelic oxide, obtained by igniting the hydrate, or by keeping 

the nitrate at a temperature of about 200'' C., is a black substance, 
scarcely soluble in boiling acetic acid. 

COB ALiT^ Co" and — Occurs in nature as sulphide, or cobalt 
pyrites, CO2S3 ; as arsenide in As^Co, tin-white cobalt or smaltine 
(speiss cobait) ; as sulpharsenide or cobalt glance, As^CojCoS^ : also 
in the form of products of oxidation, such as cobalt vitriol, 
CoSO^jTHgO ; as arsenate, C03 As^OgSOH,, in cobalt bloom. Cobalt 
is generally found in small quantity in most nickel and ii‘on ores. 
It resembles the metal nickel very closely, so much so that it may 
almost be looked upon as an isomeric form of that element. Its 
atomic "weight = 58*81). Specific gravity 8*(>. Melting point about 
1800*^ C. It is slightly redder in tint than Ni, and when pure 
behaves similarly to Ni as regards air and water. It is also a little 
harder. Acids act upon it about as readily as in the case of nickel. 
It also becomes slightly magnetic. Cobalt is not so abundant nor is 
it so much used as nickel. 


EXPERIMENTS. 

These results are to be compared with those from nickel. 

Metallic cobalt can be obtained in thin electro-deposited plates, or in small 
pieces from fusion. 

I. Heated in air, the metal become^ covered with a film of oxide, but 
slowly. 

II. Water has no action at 100 ". 

III. Sulphur combines slowly, forming black CoS. 

IV. Acids act with about the same ease as on nickel. With HCl the 
solution is pink, and becomes blue on evaporating ; finally a blue mass of 
CoCL is left. It is very soluble in water. 

H2SO4 acts similarly, when not too dilute, and heated. On evaporating 
nearly to dryness, red crystals of CoSO^ are formed. 

HNO3 acts more rapidly. The solution is pink when dilute, and blue 
when concentrated, and on complete evaporation a blue, veiy deliquescent 
mass is left. Further heating gives black oxide, CO3O,. This is soluble in 
acids, and gives the same salts as from the metal. The nitrate i& CoN^O^-f Aq. 

V. Alkalies have no action either on metal or oxide. Ammonia only 
affects the hydrate Co(HO).^. 


DllY KE ACTIONS. 

Cobalt is usually detected with comparative facility. Cobalt 
minerals containing sulphur or arsenic are roasted on charcoal, or in 
a glass tube, when sulphurous and arsenious anhydrides are evolved. 
The residue is then introduced into a borax bead, and heated in the 
outer flame, when a fine blue coloured bead is obtained. This colour 
remains the same both in the outer and inner, or reducing flame, 
j-n cases where much Mn, Fe, Cu, or Ni are mixed with Co, the blue 
appears distinctly only after the bead has been heated for some time 
in the reducing flame. Microcosmic salt gives a similar blue bead. 
Heated on charcoal, with sodium carbonate, in the reducing flame. 



COBALT REACTIONS- 


37 


cobalt separates as a grey metallic powdgr, which is attracted by the 
magnet. Potassium cyanide is better than carbonate for this. 

REACTIONS IN SOLUTION. 

Cobalt salts are mostly red or pink when crystalline and hydrated. 
The solutions are also red. When dehydrated by heating, they become 
blue. The solutions also when concentrated and warm are blue, and 
go pink on cooling or diluting. Comp. Nickel, p. 34 . 

(NH^)^® (group-reagent) gives a black precipitate of cobaltous 
sulphide, CoS, insoluble in excess of the reagent, and very difficultly 
soluble in dilute hydrochloric or sulphuric acid, but readily soluble 
in aqua regia upon the application of heat. Hence a black residue 
left, on treating the ammonium sulphide precipitate of Group III. 
with dilute hydrochloric acid, indicates probably the presence of 
cobaltous or nickelous sulphide. 

SHg gives no precipitate from an acid solution, but precipitates 
cobaltous sulphide partially from a neutral solution, and wholly from 
a solution of cobaltous acetate, or from a solution of a cobaltous salt 
containing a mineral acid on the addition of an alkaline acetate. 

KHO or NaHO gives a precipitate of a blue basic salt, which 
turns olive-green on exposure to air, owing to the absorption of 
oxygen. On heating in very dilute solutions, a rose-red cobaltous 
hydrate, Co(HO)2, obtained, which, however, often contains a small 
amount of dark brown cobaltic hydrate. Ammonium carbonate dis- 
solves the precipitate (after filtration and washing) to an intensely 
violet-red fluid. This is a cobaltamine. 

By suspending cobaltous hydrate in water, and passing a current 
of chlorine into it, black cobaltic hydrate is precipitated, cobaltous 
chloride remaining in solution, thus : 

3 Co(HO), + 01 , = Co,(HO)e + CoCl,. 

Cobaltic 

hydrate 

In the presence of an alkali (NaHO) the whole of the cobaltous 
hydrate is converted into cobaltic hydrate. Br or I act as well as Cl. 

NH^HO produces in neutral solutions a slight precipitate of a 
basic salt, which dissolves readily in excess. The solution is reddish- 
brown. Ammonium chloride prevents the precipitation altogether. 
The solution, however, absorbs oxygen from the air, and becomes red 
on standing. 

Na2C03 precipitates a peach-coloured basic carbonate. 

(NH4H)2C03 same precipitate ; readily soluble in excess to a red 
solution. 

j KCy gives with all neutral cobaltous salts a brownish- white pre- 
cipitate of cobaltous cyanide, CoOy,, soluble in excess, reprecipitated 
by dilute hydrochloric or sulphuric acid. 

N.B. — In case the cobaltous solution should contain free acid, so 
that it liberate hydrocyanic acid by the action of the latter upon the 
excess of KCy, also if the solution containing the double cyanide 
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2KCy,CoCyj, be heated in th^air for some time, dilute hydrochloric or 
sulphuric acid will no longer produce a precipitate, the whole of the 
cobaltous cyanide having been converted into cobaltic cyanide Co^Oyg, 
which’remains combined with 6KCy to form a well-defined and stable 
salt, ^led potassium cobalticyanide, KgCojCyjj, hydrogen lieing 
evolved, thus : 

20oCy, + 2HCy = Co*Cy, + H,. 

GKCy + Co,Cy, = KeCo.Cy,, 

Potassium 

cobalticyanide. 

This salt is not acted upon by a cold solution of sodium hypochlorite. 
It corresponds closely to potassium ferricyanide. Comj). Iron. 

Separation of Xickel from Cobalt, — The hydrocyanic acid reaction 
affords a good method of separating nickel from cobalt. To a slightly 
acid solution of the two salts add cautiously, drop by drop, a solution 
of potassium cyanide as long as a precipitate forms, and till the pre- 
cipitate is just redissolved and the yellowish-brown turbid liquid has 
become clear. Boil for some time in a well-ventilated place, to avoid 
inhaling fumes of HON which escape, allow to cool, and add a 
moderate quantity of bromine water, chlorine water, or a hypochlorite 
as bleaching powder solution ^vill do as well, and then XaOH ; Xi,(HO)g 
is precipitated on gently warming, and cobalt remains in solution 
as KgCogCyj^. Separate by filtration. Test the residue in a borax 
bead for nickel, and evaporate a part of the solution to dryness and 
test for cobalt by means of a borax bead. 

Instead of separating nickel as Ni2{HO)g by means of hypochlorite 
or Br water and NaOH, the solution, after digesting wdth excess of 
HCy or KCy, may also be precipitated whilst hot with freshly pre- 
cipitated and washed mercuric oxide. On digesting for a short time 
at a gentle heat, the whole of the nickel is precipitated, partly as 
Ni(HO)2, pai'tly as NiCy^ the mercury combining with the liberated 
cyanogen. Filter off the greenish or yellowdsh-gi*ey precipitate, 
wash and ignite. Pure NiO is left ; thus : 

( 1 ) NiCy, -f- HgO + OH, = HgCy, + Ni(HO)„NiCy, 

Greenish 

precipitate. 

( 2 ) Ni(HO)„NiOyj + HgO + = 2 NiO -i- HgCy^ + OH, 

Volatile 
on ignition. 

The cobalt remains in the solution as KgOo^Oy,,. Nearly 
neutralise with dilute nitric acid, and add a neutral solution of 
mercurous nitrate, Hg^(N03)2. A wliite precipitate of mercurous 
cobalticyanide, HggCo^Cyjg, forms, which contains the whole of the 
cobalt. Filter, wash, and ignite under a hood with free access of 
air, when tricobaltic tetroxide, O03O4, is left. 

Another method of separation consists in adding a concentrated 
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solution of pure KNO, (potassium nitrite) in considerable excess to 
a concentrated neutral solution of the*two metals, then acetic acid 
until acid to test paper. On keeping *the solution in a moderately 
warm place, the nickel salt remains in solution, and the whole of the 
cobalt separates in the form of a crystalline precipitate of a fine 
yellow colour (from a dilute solution only after long standing), the 
formation of which is expressed by the equation : 

2 CoNp, + 14 KNO, + jj + OH, = 

Co, 6 (NO,), 6 KNO„ 30 H, + 4KNO3 + + N, 0 ,. 

Yellow precipitate 

The precipitate is perceptibly soluble in cold, and more readily 
still in hot water; it is decomposed by hot nitric or hydrochloric 
acid, or by potassium hydrate ; insoluble in alcohol and in the 
presence of potassium acetate ; and it can therefore be washed by a 
solution of potassium acetate, and finally with alcohol. This 
reaction separates nickel from cobalt very effectually.^ 

From the filtrate the nickel is best precipitated as the apple- 
green basic carbonate by a fixed alkaline carbonate. 

The presence of Ba, Sr, or Ca salts interferes vnth the reaction, 
as it gives rise to the precipitation of triple nitrites of Co, Ni, and 
one of the other metals. Nickel forming similar compounds with 
Ba, Sr, or Ca, that cobalt forms with alkaline metals. 

On igniting Ni(C03)2, a dirty greyish powder of NiO is left. 
Co(N 03)2, heated gently at about 200"^ in an air-bath, leaves black 
cobaltous dicobaltic tetroxide, C03O4, which is not soluble in boiling 
dilute acetic acid. On treating this oxide with hydrochloric acid, 
chlorine gas is evolved, according to the equation : 

O03O, 8 HC 1 = SCoCl^ + Cl^ +4OH2. 

Both nickel and cobalt are capable of forming compounds in 
which the metals exist in a tetrad condition, viz. : 

Ni203, C02O3, and C02S3. 

Nickelic Cobaltic Cobalt ic 

oxide oxide sulphide. 

Ni203 is, however, mostly obtained in the presence of water by the 
action of oxidising agents, and cannot exist at a high temperature. 

CO3O4, on the other hand, is obtained in the dry way, or on gentle 
ignition of cobaltous salts containing volatile acids, and gives up a 
portion of its oxygen only on strong ignition. 

The same tendency to form a compound in which cobalt exists 
as a tetrad element is observed on exposing the freshly precipitated 
hydrate to the air, or on passing chlorine or adding bromine or 
iodine to cobaltous solutions. 

Little use has been made of these reactions for analysis purposes 


* This reaction can evidently not be used for hurried work. 
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beyond the conversion of CoCy* into Co,Cy„ in the presence of 
potassium cyanide, or of CSO into Co^ in the potassium nitrite 
reaction. 

MANGANESE, Mn", and — Occurs in nature in various 
states of oxidation, forming oxides, of which the mineral pyrolusite, 
MnO„, is the most important. It is found in small quantities in 
many iron ores, and is a frequent constituenD of silicates : the MnO 
replacing the isomorphous bases, FeO, ZnO, MgO, CaO, without 
altering the crystalline structure of the minerals. It exists both in 
the dyad and tetrad condition in manganous and manganic oxides. 
The anhydrous oxides known, besides pyrolusite, ^ are braunite, 
MngOgjhausmannitejMngO^; the hydrates are: manganitCjMngOgjH^O, 
psilomelane, wad, varvicite, copper-mangan, &c. Manganese is 
found in combination with sulphur in manganese blende, Mn& ; 
with carbonic acid in diallogite, MnCOg ; wdth silica in red man- 
ganese or mangan kiesel (rhodonite), MnSiOg*, and in tephroite, 
Mn^SiO^ ; with phosphoric acid as triplite, MogFe^P^Og. 

Manganese is not used exactly in the pure metallic state, but is 
largely employed as an alloy with iron, as spiegeleisen, manganese 
steel, and in some bronzes, &c. It can, however, be obtained as 
a crystalline or granular powder, in which state it is sometimes used 
for preparing alloys, with copper and other metals. It generally 
contains some combined carbon. It generally imparts considerable 
hardness to alloys. It is not magnetic. Atomic weight 54 *8 ; 
specific gravity 8*0. It melts at about 1900" C. It oxidises very 
rapidly in air and water, and dissolves in most acids. 

EXPERIMENTS. 

With the ordinary oxide, MnO ,. 

I. Heated in a tube, shows very little change, but at a high temperature 
it is possible to get some oxygen evolved which will relight a glowing splinter 
of wood. 

II. Water has no action. 

HI. Heated strongly with sulphur some SO.^ is given off and a sulphide 
formed which fuses at a high temperature (difficult to get), 

IV. HCl dissolves MnO^ (and other oxides): chlorine is evolved on heating. 
On evaporating, a pale pink mass of MnClg is left. 

H2SO4 requires heating strongly ; the action is slow, and oxygen is given off. 

HNO3 Is practically without action. 

Alkalies are without action in solution, but when melted form a green 
mass of alkaline manganate. 

I. With the metal. Metallic Mn powder heated in the tube oxidises, 
frequently glowdng and forming a red or brown pow'der. 

II. HCl dissolves the metal slowly, giving off H, which contains some 
hydro-carbon. Diluted nitric and sulphuric also dissolve it, but the con- 
centrated acids have little action. 

III. The finely powdered metal oxidises very rapidly when dropped into 

melted nitre. j- .. t't' 


DRY REACTIONS. 

The presence of manganese is readily detected in minerals which 
contain no other oxides capable of colouring fluxes, as they dissolve 
when heated in the outer flame, in the borax bead, or in a bead of 
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microcosmic salt, to a clear violet-red colour, which becomes of a 
fine amethyst colour on cooling. The 6ead becomes colourless when 
heated in the reducing flame. If oth%r metallic oxides are present, 
it is preferable to mix a small trace of the finely powdered manganese 
compound with two or three times its weight of sodium carbonate 
(a little nitre should also be added), and to fuse on platinum foil 
(a small platinum spoon or the lid of a platinum crucible) in the 
oxidising flame, or over the tip of the Bunsen, when a bluish-green 
mass is left after cooling, consisting of sodic manganate, Na^MnO^. 
The mass at the same time loses its transparency. This forms the 
most characteristic and delicate reaction for manganese. Manganous 
and manganic oxides are converted by this treatment into a higher 
oxide, MnOj, or perhaps Mn^O^. 

REACTIONS IN SOLUTION. 

The sulphate and chloride are soluble. The nitrate is scarcely 
known. Solid hydrated manganous salts are pinkish in colour. 

All the higher oxides of manganese, when heated with hydrochloric 
acid, evolve chlorine, and are converted into manganous chloride. 
The chlorine so evolved is a measure of the amount of MnO^ present 
in a manganese ore. 

Dilute solutions of pure manganous salts (free from manganates or 
permanganates) are colourless. 

(group -reagent) gives a flesh-coloured precipitate of 
manganous sulphide, MnS, readily soluble in dilute acids, even acetic 
acid. Hence the presence of free acetic acid prevents the precipi- 
tation of manganese by (method of distinguishing Co and Ni from 

Mn). The manganese may be separated by repeating once or twice 
the precipitation of cobalt and nickel in the presence of acetic acid. 

does not precipitate a neutral solution of a manganous salt ; 
the acetate is acted upon but very slowly and imperfectly, and not 
at all when free acetic acid is present. 

KHO or NaHO gives a white precipitate of manganous hydrate, 
Mn(HO)3, insoluble in excess. The precipitate speedily absorbs oxygen 
from the air, and turns dark brown with formation of Mn^OgjHgO, 
which then no longer dissolves completely in ammonium chloride. 

NH^HO precipitates a white hydrate from neutral solutions ; 
insoluble in excess, or in ammonium carbonate. It rapidly absorbs 
oxygen. 

No precipitate is produced in solutions containing ammonium 
chloride. On exposing an ammoniacal solution of the soluble double 
chloride, 2NH4CI, MnCl^, to the action of the air, the whole of the 
manganese is gradually precipitated as dark- brown manganic hydrate, 
Mn^OgjHjO. This reaction is characteristic for manganese compounds 
and distinguishes it from zinc, nickel, ifec. 

In this change the ammonium hydrate conve3"S oxygen to the 
manganous salt in a manner similar to the action it has upon 
cobaltous salts, or upon metallic copper, in the presence of oxygen 
or air. 
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Owing to this tendency of manganous salts to broome oxidised and 
precipitated in the presence of free ammonia, it is not possible to 
completely separate manganous from ferric salts by means ot 
ammonium chloride and hydrate. The reddish-brown ferric hydrate, 
which is precipitated, invariably carries down more or less Mn303,H30 j 
and small quantities of manganese cannot, therefore, be separated 
from iron by precipitation with these reagents. The separation 
succeeds best if the excess of ammonia be immediately boiled oflf. 

Na3C03 or K3CO3 precipitates white manganese carbonate, MnC03, 
insoluble in excess of the reagent, but pretty readily soluble in 
ammonium chloride. This precipitate also absorbs oxygen from the 
air, and turns to a dirty brownish- white colour, owing to the form- 
ation of manganic hydrate. On ignition with free access of air, the 
white carbonate turns first black, and changes subsequently to brown 
trimanganic tetroxide, MngO^. All manganese oxides are finally 
obtained upon ignition in the air in the form of Mn^O^. Both 
Mn^Og and MngO^ are compounds of MnO with MnO^. 

KCy gives a whitish precipitate of manganous cyanide, MnCj%, 
soluble in excess to a brown solution, wdiich is not precipitated by 
ammonium sulphide. 

Manganous compounds, soluble or not, are very readily oxidised in 
contact with w'ater and chlorine, bromine, or iodine, or a hypochlorite 
to MnOgHgO : 

MnCl, + ClNaO + 20 H, = Mn02,H20 + XaCl + 2 HC 1 . 

By fusion with dry sodium carbonate, alone or together with nitre, 
the manganous or manganic compounds are converted into an alka- 
line manganate, in which the metal manganese acts the part of a 
hexad element. Only the alkaline manganates dissolve in water 
giving green solutions. 

Manganates are readily decomposed in aqueous solutions. On 
gently heating a solution of potassium manganate wdth free access of 
air, the green colour changes to purple-red, owdng to the formation 
of potassium permanganate, K^Mn^Og, and separation of hydrated 
dioxide and alkaline hydrate, thus : 

SK^MnO, + 3OH3 - KgMngOg + + 4 KHO. 

The change is accelerated by adding a few drops of a dilute mineral 
acid, €.gr., nitric, hydrochloric, or sulphuric acid, which combines with 
the liberated alkali and manganese oxide. 

The manganese seems to act here the part of a pseudo-octad 
element ; and it may readily be inferred that the different oxygen 
atoms perform different functions in such a highly oxygenised com- 
pound, and that the manganese will part with some more readily 
than with others. 

Manganic dioxide, as well as other peroxides, also the alkaline 
manganates and permanganates, act as powerful oxidisers, differing 
merely in the extent of their oxidising action. 
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Manganic dioxide gives off oxygen on warming with concentrated 
sulphuric acid, and forms normal man^nous sulphate : 

2MnO, + 2 H,S 04 = O, + 2MnSO, + 2 OH 3 . 

Sulphuric acid added to sodium, or other manganate, gives off 
oxygen, and forms sulphates thus : 

Na,MnO, + 2H,S0, = O, + MnSO, + Na,SO^ + 2011,. 

Sulphuric acid added to a solution of potassium permanganate, 
liberates five atoms of oxygen, and leaves manganous and potassium 
sulphates in the solution when something is present capable of 
taking up the oxygen, 

2K,Mn,Og + 6 H,SO, = 50^ + 4MnS0, + 2K,SO^ + 

Hydrochloric acid also acts upon the higher oxides of manganese, 
with evolution of chlorine and formation of metallic chlorides and 
water. Potassium permanganate and hydrochloric acid form the 
most convenient chlorine ‘‘generator” on a small scale. The 
peroxides of manganese, especially the black oxide, constitute the 
principal substances, used together with hydrochloric acid, or sodium 
chloride and oil of vitriol, for evolving chlorine in the laboratory and 
on a manufacturing scale. 

No other mineral oxidising agent Is capable of yielding from one 
molecular group of elements five atoms of oxygen; and there are 
but few substances which resist the oxidising action of potassium 
permanganate. Hydrogen, freshly ignited charcoal, phosphorus, 
iodine, sulphur, sulphuretted hydrogen, carbon disulphide, hydro- 
carbons and organic bodies generally, are oxidised more or less 
rapidly. Metals, such as zinc and iron (when alkaline the action is 
slow if at all on iron) become oxidised after a few days; lead, 
copper, mercury and silver, a little slower. Many lower oxides, 
chlorides, &c., are converted into higher oxides, &c., especially in 
the presence of a free acid (hydrochloric or sulphuric). 

Thus arsenious is converted into arsenic acid, sulphurous into 
sulphuric, nitrous into nitric, phosphorous into phosphoric acid. 
Oxalic acid is oxidised into carbonic anhydride and water. Lower 
or -ous chlorides, sulphates, etc., are converted into the higher or 
-ic salts, e.ff.j ferrous, stannous, antimonious, cuprous, and mercurous 

^ Note. This equation is true if the permanganate be added to hot 
moderately strong sulphuric acid. When added, in powder, to cold con- 
centrated the first reaction is 

K^Mn^O^ + HgSO^ = K^SO, + H^O + Mnp,. 

This substance MogO, collects in oily drops on the sulphuric acid. They have 
a beetle-green lustre, and give off a pink vapour. Contact with almost any 
kind of combustible substance, as S. P. alcohol, &c., will cause a violent 
explosion. Vert/ little of this substance must be made at once, as a slight 
elevation of temperature also causes violent decomposition. The substance 
distils over along with steam. 
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chlorides are oxidised or *‘chlorinised” in the presence of free 
hydrochloric acid into ferric, stannic, antimonic, cupric, and mercuric 
chlorides ; the manganese an<f potassium of the permanganate are 
left in solution as chlorides. Ferrous, cuprous, and other sulphates 
are converted in the presence of free sulphuric or hydrochloric acid 
into ferric, cupric, &:c., sulphates. 

The reaction in all these cases is indicated by a change of colour. 
On adding, for instance, the purple-coloured permanganate solution 
to a solution of sulphurous acid, the colour is instantly destroyed as 
long as any sulphurous acid is left. Permanganate is a quantitative 
measure for sulphurous acid, and in like manner for other lower 
oxides, chlorides, organic bodies, &c. 

Sulphurous acid requires one atom of oxygen in order to be 
converted into sulphuric acid ; as one molecule of potassium per- 
manganate can part with five atoms of oxygen, one molecule of 
the oxidising agent oxidises five molecules of the reducing agent, i.e., 
ol6 parts by weight of potassium permanganate are the measure for 
T) X 64 = 320 parts by weight of SOg. 

Two molecules of ferrous sulphate in the presence of sulphuric 
acid combine with one atom of oxygen to form one molecule of 
ferric sulphate, thus : 

2FeS04 + HgSOi + O = Fe,(SO,)3 + HgO. 

Hence one molecule of potassium permanganate oxidises ten mole- 
cules of FeSO^, ten molecules of FeO, or ten atoms of Fe ; so that 
316 parts by weight of IVgMngOg, are a measure for — 

10 X 152 parts by weight of FeSO. 
or 10 X 72 „ FeO 

or 10 X 56 „ Fe. 

ZINC^ Zn". — Occurs in nature chiefly as sulphide or zinc blende, 
black jack, ZnS ; as carbonate, or calamine, ZnOOg ; and as silicate, 
or zinc glance, electric calamine, Zn^SiO^jCHg, wiJlemite, Zn^SiO^ ; 
also as oxide in red zinc ore, ZnO. The red colour is due to Fe 
and Mn. 

The metal being volatile at a high temperature is extracted from 
its oxide by distillation with carbon. It is of a decided blue tint ; 
highly crystalline, and somewhat brittle when cold, but becomes 
malleable when heated to about 120^ O. Its atomic weight = 64*90 ; 
specific gravity 7*15; melting point 360^0.; boiling point, about 
1040"^" C. It oxidises superficially in air, and decomposes water 
slowly at its boiling point (100^ O.), and steam rapidly at a red heat. 
It dissolves in most acids, displacing two equivalents of hydrogen. 


EXPERIMENTS. 

I. Metallic zinc heated in the open tube melts ; a film of oxide forms over 
the surface, which appears wrinkled. On further heating the metal begins to 
vaporise and burns with a bluish flame ; a deposit of oxide is formed on the 
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tube. This oxide, ZnO, is yellow whilst hot and white on cooling. It does 
not melt or vaporise. * 

II. Water has little visible action below 400"*. 

III. Just melted with sulphur very little action takes place, or only a 
superficial one. Strongly heated, to vaporising in a hard tube, a somewhat 
energetic combination takes place. It is best to heat up quickly over a 
blowpipe. 

IV. HCl and H^SO^ (dilute) dissolve the metal rapidly, evolving hydrogen. 
The sulphuric acid solution on evaporation easily gives white crystals of 
ZnSO^, THgO. The HCl solution on evaporation yields a syrupy body, ZnClg, 
which at a* red heat gives olf whitish vapours. On cooling it sets into a white 
or sometimes glassy mass. It is extremely deliquescent and soluble. 

Nitric acid acts very rapidly ; red fumes are evolved. The solution con- 
tains ZnN.^0^, which is left on careful evaporation as a similar substance to 
the chloride. 

Alkalies dissolve the metal on heating, liberating hydrogen and forming white 
compounds as ZnOK^O. If Fe or Pt be present the action is more vigorous. 

The oxide dissolves very easily both in acids and alkalies, including 
ammonia hydrate. 


DRY REACTIONS. 

The most characteristic blowpipe reaction for zinc consists in the 
white incrustation of zinc oxide which its compounds yield when 
heated on charcoal in the reducing flame with sodium. carbonate. 
The zinc compound is reduced to the metallic state, and the metal 
being volatile, burns, on passing through the outer flame, with a 
bluish-green flame and is converted into oxide, which covers the 
charcoal with an incrustation, yellow when hot, white when cold, 
and which assumes a fine green colour w^hen treated with a solution 
of cobaltous nitrate, and once more strongly heated in the outer 
* flame. The incrustation is not driven avray in the oxidising flame 
— zinc oxide being non-volatile. 

Zinc compounds give with borax or microcosmic salt in both 
flames a bead, which is yellowish whilst hot, and white on cooling ; 
opaque if much zinc salt be present. This applies, however, only to 
pure zinc compounds, and the detection of zinc by the blowpipe in 
poor ores containing other readily oxidisable metals (such as Pb, Cd, 
As, Sb, which give likewise incrustations) is a matter of great 
uncertainty. The borax bead is quite unreliable for zinc. 

Zinc sulphide (zinc blende), when roasted in a tube of hard glass, 
loses part of its sulphur in the form of sulphurous anhydride, and 
forms some zinc sulphate, ZnSO^ (white vitriol), which may be 
extracted with water. 

Both calamine and blende on thorough roasting leave zinc oxide. 


REACTIONS IN SOLUTION. 

Most zinc salts are soluble in water, the chloride and nitrate 
extremely so. They are only coloured when the acid is coloured or 
a chromogen. 

(NH,) jS (group-reagent) gives a white pi-ecipitate of zinc sulphide, 
ZnS, insoluble in excess. From dilute solutions the precipitate 
separates only after some time, but more speedily in the presence of 



46 


ZINC REACTIONS. 


ammonium chloride. It is readily decomposed by dilute hydro- 
chloric and sulphuric aci(f^ with the evolution of sulphuretted 
hydrogen ; also by nitric acid, but is insoluble in acetic acid. 

SHj precipitates zinc imperfectly from neutral solutions of zinc 
salts with mineral acids ; but from an acetate or a solution of a zinc^ 
salt mixed with an alkaline acetate, the whole of the metal is 
precipitated by sulphuretted hydrogen as zinc sulphide, even in 
the presence of much acetic acid. (Method of separation of Zn 
from Mn.) 

KHO or NaHO precipitates the white hydrate, Zn(HO)2, readily 
soluble in excess, also in ammonia ; reprecipitated almost entirely on 
largely diluting with water and boiling ; soluble also in ammonium 
chloride. Sulphuretted hydrogen precipitates the whole of the zinc 
from these solutions. In the presence of the hydrates of manganese, 
nickel and cobalt, KHO or NaHO does not readily dissolve out the 
whole of the zinc hydrate. 

Na^COj or K^COg produces a white precipitate of basic carbonate, 
consisting of two molecules of zinc carbonate and three molecules of 
zinc hydrate, according to the equation : 

5 ZnSO, + 5Na.,C03 + SOH^ = 2ZnC03,8Zn(OH), + SNa^SO^ 

+ 300^. 

A large excess of ammonium salts prevents this. 

On ignition this carbonate leaves ZnO, zinc oxide, also known in 
commerce under the name of zinc w’hite. 

Ammonium carbonate produces the same precipitate, soluble, 
however, in excess. 

KCy gives a white precipitate of zinc cyanide, ZnCy^, soluble in 
excess, not reprecipitated by (NH4)2S, but completely precipitated by 
sodium or potassium sulphide, as ZnS. (Method for the separation 
of Zn from Ni.) 

Metalhc zinc precipitates less electro-positive metals from their 
solutions, viz.. As, Sb, Sn, Cd, Cu, Pb, Ag, Bi, Hg, and on dis- 
solving impure metallic zinc in dilute acids (hydrochloric or 
sulphuric), these metals do not dissolve, as long as any zinc remains 
tmdissolved. Hence zinc protects other metals, such as copper, iron 
(galvanised iron), &c., from the oxidising action of air, water, and 

diClGSg 

Zinc, when placed in contact with platinum, iron, »fcc„ dissolves in 
alkaline solutions in the cold. (See Experiments, ante.) 

Zinc vapour decomposes CO^ at a high temperature, and forms 
ZnO and CO ; ZnO however yields its oxygen to carbon. (Method 
of extracting metallic zinc from its ores.*) 

IKON, Fe", ", a,nd — Occurs very abundantly in nature, mostly 
in a state of combination with oxygen and sulphur. It is also 
found as “ meteoric iron ” and in some very old rocks also metallic. 

* It is just possible that in the extraction of zinc from ZnO that the large 
excess of CO present in the retort may really do most of the reduction. “ 
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There are a great number of iron minerals known, but it will suffice 
if those iron ores which contain the mbtal in sufficient quantities, 
and sufficiently pure and free from Pj As, S, &c., to render them 
suitable for the extraction of iron, are mentioned. The most 
important are : 

1st. Ores containing ferrous oxide : spathic or sparry iron ores, 
FeCOg, containing varying quantities of ]MnC03, CaC03 ; 

black band or carbonaceous iron ore, containing from 20 to 25 per 
cent, of bituminous matter ; clay ironstone is, as its name indicates, 
associated with clayey matter. It is from these two ores that the 
greater part of the iron manufactured in this country is derived. 
They occur in immediate proximity to the coal measures and 
limestone beds — the fuel and flux employed in their reduction to the 
metallic state. 

2nd. Ore containing ferrous and ferric oxides : viz., magnetic iron 

ore, 

3rd. Ores containing ferric oxide only — viz., red haematite (mica- 
ceous iron, oligist, specular iron, or iron glance), Fe203. This oxide 
forms different hydrates which, according to the amount of water 
they contain, have received different names — viz.,turgite, 2 Pe203,0H3 
needle iron ore, brown iron ore, or pyrrhosiderite, Pe203,0H2 
limonite or compact brown iron ore, brown haematite, 2Fe203,30Hg 
varieties : oolitic iron ore (pea ore); yellow iron ore or xanthosiderite, 
re,03.20H3. 

A few other iron ores deserve attention. They are not used for 
the extraction of iron, but are valuable as a cheap source of sulphur 
— viz., iron pyrites, martial pyrites or mundic, FeSg, found abun- 
dantly in nature ; copper pyrites, Fe^Sg, Cu^S, and magnetic pyrites, 
5FeS, Fe^Sg or Fe^Sg. 

Besides these ores, iron is found in nature in combination with 
arsenic and sulphur, in mispickel, FeAs^jFeS^ ; with chromium as 
chrome iron ore, Fe0,Cr203 ; with silica as chloropal, Fe2(Si03)3,3H20, 
and many other silicates ; as sulphate, in green copperas or green 
vitriol, FeSO^,?©!!^; as phosphate in vivianite,^ FegP^OgjSOH^ 
(ferrous phosphate) ; as arsenate, in scorodite, Fe^ASgOg, and 
others. 

All the oxides of iron part readily with their oxygen when heated 
with carbon, carbon monoxide or hydrogen. 

Pure metallic iron is silver-white on a fresh surface, which is very 
permanent in dry air, but rapidly changes, by oxidation, in moist air. 
Its atomic weight is 55*88. Specific gravity, 7*86. Melting point of 
iron is given by Pictet as 1600"^ C., by Carnelly as 1804 O., both 
doubtful. Varieties of iron, as cast iron, steel, &c., melt at a much 
lower temperature ; from 1050 to 1400° C. All varieties, wrought 
iron, cast irons, steel, and some alloys are eminently magnetic. 

It combines directly and easily with O, S, P, As and Cl, and forms 
alloys with nearly all other metals, but few are used technically. 

* Contains also ferric phosphate, Fe^PgOg.SOHg, to which the blue colour of 
the mineral is due. 
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EXPERIMENTS. 

t 

I. On heating in the tube, a claan and bright surface of iron or steel changes 
through many colours, becoming, finalJy, black, rough, and sometimes blistered. 
Heated to redness, black scales form, which easily detach and become reddish 
when exposed to damp or when rubbed. = FegO^. Steel is a little slower 
than iron in showing these changes. 

II. Ordinary iron or steel placed in ordinary water rusts more or less 
rapidly. Water containing COo or H^O., acts most rapidly. Steam passed 
over heated iron or steel oxidises the metal, rapidly producing a black or red 
coating of oxide, depending on the temperature. 

III. Iron or steel filings heated with sulphur ; combination takes place 
readily, FeS being produced. It is not fusible in an ordinary tube ; insoluble 
in water, but giving off SH^ with HCl, or dilute H^SO^. 

IV. Many acids dissolve iron. HCl dissolves wrought iron more easily 
than cast irons or steel. The hydrogen given off has a strong odour of 
hydrocarbons (of the CnHon and CnH.^n — 2 series). Pure iron gives a clear, very 
light green solution, from which crystals of FeCLcan be obtained. Cast irons 
and steels leave a greater or less amount of black residue (carbon and graphite). 

H2SO4, dilute, behaves similarly, producing FeSO^. 

Nitric, moderately dilute, acts violently ; red gases are evolved, and a red or 
green solution of ferric or ferrous nitrate formed, depending on amount and 
strength of the acid used. With steels the solution is generally brown owing* 
to the combined carbon being acted upon and dissolved. 

Irons and steel may be placed in very strong nitric acid without any action 
being apparent. (This is the so-called passive state.) On being touched, 
under the acid, with a metal, like Zn, or scratched, an action will generally 
commence. There are several (attempted) explanations. One is that a very 
fine Sim of insoluble oxide forms and acts as a protective layer ; scratching or 
touching with a more positive metal removes or reduces this and lets the 
action commence and spread over the whole surface. 

V. Alkalies, including ammonia, have no action either on metallic iron or 
its oxides. Bright steel or iron is not affected by any alkaline oxidiaing 
solutions at ordinary temperatures. 

The red oxide produced in I. or IT. (= FeoO^) dissolves in HCl and HoSOj,. 
giving red solutions which do not easily crystallise — Ferric salts. j 


DKY REACTIONS. 

On heating the different iron compounds on charcoal before the 
blowpipe, they leave a black magnetic residue ; when heated in the 
outer flame on a borax bead iron compounds impart a dark red 
colour to the borax whilst hot, becoming light yellow when cold. 
In the reducing flame they give an olive-green to bottle-green 
bead. 

The reactions with microcosmic salts are similar but less distinct. 
The presence of Co, Cu, Ni, Cr, conceals the colour of the iron bead. 
Ferric sulphides and arsenides must be roasted, previous to being 
introduced into the borax bead. When heated with NagCOg on char- 
coal, in the reducing flame, metallic iron is obtained as a black 
magnetic powder. 


REACTIONS IN SOLUTION. 

Iron forms two series of salts — ^viz., ferrous and ferric salts. The 
metal dissolves readily in dilute acids, such as HCl, H^SO^, forming 
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ferrous salts, FeCl^, FeSO^, with evolution of hydrogen. Cold very 
dilute nitric acid dissolves finely divided iron (iron filings) without 
evolving hydrogen gas, the nitric acid being decomposed, so as to 
form ferrous nitrate and ammonium nitrate; the reaction may be 
expressed thus : 

4 Fe + IOHNO3 = 4Fe(N03)3 + NH,N03 + SOU,. 

The metal iron exists in all these salts in the dyad condition, but 
exhibits a marked tendency to pass into a higher stage. Exposed to 
the air, solutions of FeCl^and FeSO^ absorb oxygen, and are gradually 
converted into ferric salts. The same change is produced by the action 
of various oxidising agents, such as 01 , Br, I, ClNaO, KCIO3 and in 
the presence of HOi by HNO3, AgN03, AUOI3, KgMngOg, K^CrO^, and 
others. Ferrous compounds are, therefore, powerful reducing agents, 
and are frequently employed as such. 

A. Ferrous compounds .^ — Ferrous sulphate or chloride is soluble 
and well adapted for reactions. Ferrous salts are mostly green when 
hydrated and white when anhydrous. 

(NH4)2S (group-reagent) gives a black precipitate of ferrous 
sulphide, FeS, insoluble in alkalies and alkaline sulphides, easily de- 
composed and dissolved by dilute hydrochloric acid, with evolution 
of sulphuretted hydrogen. The moist precipitate absorbs oxygen 
from the air, and is rapidly converted into ferrous sulphate, and 
lastly into yellow basic ferric sulphate, with evolution of much heat. 
(This oxidation constitutes a frequent cause of the spontaneous 
inflammation of pyritical coal (which contains Fe^Sg) in mines and on 
board vessels). 

SHg does not precipitate neutral or acid solutions of ferrous salts ; 
ferrous acetate even is only partially precipitated. 

Alkaline hydrates and ammonia, also CaH^Og and BaHgOg, pre- 
cipitate from ferrous salts (free from ferric salts) white ferrous 
hydrate, Fe(HO)2, which turns rapidly to a dirty green colour, and 
ultimately becomes i*eddish-brown, owing to absorption of oxygen 
from the atmosphere. Ammonium salts partially prevent the pre- 
cipitation by the fixed alkalies, and ammonium hydrate gives but a 
slight precipitate in a ferrous solution, containing a considerable 
amount of ammonium chloride. The presence of non-volatile 
organic acids, of sugar, &c., also prevents the precipitation more 
or less. 

Soluble carbonates precipitate white ferrous carbonate, FeC03, 
which becomes rapidly oxidised when exposed to air. 

K4Fe(0N)e (potassium f errocyanide) produces, by the replacement 


* Ferrous sulphate forms a number of so-called double sulphates, with the 
alkali metal sulphates and ammonium sulphate. FeS04(NH4)2S04,6H20 is 
much used in volumetric work, as it is easily obtained very pure, and contains 
almost exactly one-seventh of its weight of iron. 

D 
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of K, by Fe, a bluish-white precipitate of potassium ferrous ferro- 
cyanide, KjFe"Fe(CN)g, thu^: 

e 

FeSO, + K,Fe(GN), = K,Fe"Fe(CN), + K,SO,, 

Bluish-white 
precipitate * 

insoluble in dilute hydrochloric acid. The light blue precipitate is 
rapidly converted into a dark blue precipitate, or Prussian blue, either 
by exposure to the air, or more speedily by an oxidising agent (in 
solution), thus : 

4K,Fe'Te(CN), + 201, = Fe,(Fe(CN ),)3 4KC1 + K,Fe(0N)e, 

Prussian 
blue * 

KgFe,(C]S')jg t (potassium ferricyanide) produces a dark blue precipi- 
tate of ferrous fei’ricyanide, Fe 3 Fe 2 (CK)^, (Turnbull’s blue), insoluble 
in hydrochloric acid, thus : 

3FeSO, + K,Fe,Oy,, - Fe'VFe' ',Cyi, + SK^SO,. 

Turnbuirs blue * 

NaHO or KHO decomposes both precipitates with formation of 
soluble alkaline ferro- and ferri-cyanides, and separation of ferrous 
and ferric hydrates, thus : 

(1) K^Fe^FeCy, + 2KHO = K,FeCy, + Fe(HO).; 

(2) Fe,(FeCy ,)3 + 12NaHO = SlS^FeCy, + 2Fe.(HO); : 

(3) Fe'^Fe'^gCy,, + CNaHO - Ka^Fe^Cy,, + SFe^HO)^. ' 

N .B. — Gy is the abbreviation for (OX), the cyanogen radicle. The 
molecule of cyanogen is 

NH^SOX (ammonium sulphocyanate) gives no coloration, if the 
ferrous solution contain no ferric salt, but the test is very delicate 
and most generally sufficient ferric salt is present to give a faint 
red coloration. 

B. Feme compounds , — A solution of ferric chloride, Fe,Clg,| may 
be used. 

(groiip-reagent) produces a black precipitate of ferrous 
sulphide, FeS, mixed vnth sulphur, thus : 

Fe.Clg -I- 3(NH^),S = 2FeS + S + 6NH,C1. 

Dilute solutions of iron give only a greenish coloration. 

On dissolving the black precipitate in dilute hydrochloric acid, 
sulphuretted hydrogen is evolved, and white insoluble sulphur is 

* These precipitates cannot form, therefore, in an alkaline solution. 

+ This may be written KjFeCyg. 

t This formula, Fe^Clg, may be consideredas “ convenient,” and is retained 
for that r^on only. FeClg is, no doubt, the real constitutional formula, as 
inaicated by the vapour density of the anhydrous salt. 
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left. (Distinction between ferrous and ferric salts.) Ferric sulphide 
cannot be formed in the wet way ; nati^ sulphides exist, however — 
viz., FeSg and Fe^Sg — ^which are insoluble in dilute hydrochloric acid, 
but dissolve with evolution of SH^ when in contact with metallic 
zinc. 

SHg does not precipitate Fe^Gl^ ; its hydrogen acts as a reducing 
agent upon the ferric salt, converting it into 2FeCl2 and 2HC1, white 
sulphur being precipitated, which renders the solution of the ferrous 
salt milky. 

Alkaline hydrates and ammonia, also calcium or barium hydrates, 
precipitate the reddish-brown ferric hydrate, Fe 203 , 20 Hg, insoluble 
in excess and in ammonium salts (excepting the carbonate). Non- 
volatile organic bodies (e.g^., tartaric or citric acid, sugar, &c.) prevent 
its precipitation by ammonium hydrate, but not by ammonium 
sulphide. The precipitate retains with great tenacity small portions 
of the fixed alkalies. 

Na^OOg and K^COg produce the same precipitate with evolution 
of carbonic anhydride. 

HNa^PO^ (hydrogen disodium phosphate) produces a yellowish- 
white flocculent gelatinous precipitate of ferric phosphate, FegPgOg 
40Hg. The precipitation is complete only in the presence of an 
alkaline acetate, thus : 

Fe.Clg + 2Na,HPO, + 2CH3CO.Na = Fe^Pp^ + GNaOl 

+ 20H3C0gH, 

On the addition of the first few drops of hydrogen disodium 
phosphate, and as long as the ferric salt is largely in excess, the 
precipitate may disappear again, especially on gently warming, 
since it is somewhat soluble in ferric acetate. When the precipi- 
tation is nearly complete, the ferric phosphate separates more 
speedily, especially on stirring and gently heating, and allowing 
to subside after each addition of the phosphate solution. The pre- 
cipitated ferric phosphate should be filtered hot, and washed by 
decantation with hot water. It is soluble in dilute minei’al acids 
— hence the addition of an alkaline acetate; insoluble, however, in 
acetic acid (like the corresponding chromic^ and aluminic phos- 
phates). 

Phosphates of the alkaline earthy metals (Ba, Sr, Ca, Mg), which 
are readily soluble in acetic acid, may thus be separated by filtration 
from the phosphates of Fe'% Al'^ (and Cr^'"). Owing to this pro- 
perty of ferric phosphate, it is also possible to decompose alkaline 
earthy phosphates in a solution containing an excess of sodium 
acetate, by adding, drop by drop, a neutral solution of ferric chlo- 
ride, according to the equation : — 

2BaHPO, + 20H3C0,Na + 'FeJOl^ = Fe^P^Og + 2BaCl 

-I- 2Na01 + 2CH3C0,H. 

* Chromic phosphate, especially when freshly precipitated, is dissolved, 
although with some difficulty, in acetic acid, especially on heating. 
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PRUSSIAN BLUE. 


The ferric chloride must be added as long as a yellowish-white pre- 
cipitate comes down, and till the supernatant liquid becomes just 
red, from the formation of fetric acetate, ^ ^ 

Ferric phosphate dissolves in excess of hydrogen disodium phos- 
phate in the presence of ammonium hydrate or carbonate, to a 
brownish-red solution. It is somewhat soluble in ferric, but not in 
ferrous, acetate. Ammonium hydrate reduces it to a basic phos- 
phate. Potassium or sodium hydrate removes nearly the whole of 
the acid. Fusion with caustic fixed alkalies, or with fusion-mixture, 
or boiling with ammonium sulphide, decomposes ferric phosphate 
completely, leaving the iron as oxide or sulphide, from which the 
soluble alkaline phosphate can be separated readily by filtration. 

Citric or tartaric acid prevents the precipitation of ferric phos- 
phate from solutions. 

K^FeCyg gives a fine blue precipitate, Fe^(FeCyg) 3 , known as 
Prussian blue, thus 2 FG 2 CI, + 3K,FeCy, = Fe^{FeCyJ^ -i- 12KC1. 
Insoluble in hydrochloric acid; decomposed by KHO or NallO ; 
soluble in oxalic acid and also in excess of K.FeCy., to a blue 
solution. 


KgFejCy,, produces no precipitate, but the yellow colour of the 
ferric solution changes to reddish-brown. (Distinction hetw’een 
ferrous and ferric salts.) 

NH^SCN (ammonium sulphocyanate) gives a dark -red or blood - 
red colour, even in the case of very dilute solutions, which is not 
destroyed by hydrochloric acid. The sensitiveness of the reaction is 
heightened by shaking a hydrochloric acid solution, to which the 
sulphocyanate has been added, with ether. The blood-red ferric 
sulphocyanate, Fe,(SCy)g, being soluble in ether, becomes thus con- 
centrated into a small bulk of liquid. Very small amounts of iron 
can be detected by this means. The colour of the liquid is readily 
destroyed by a solution of mercuric chloride (also by tartaric or 
phosphoric acid). (Distinction of Fe" from Fe".) 

Excess of sodium acetate, added to a solution of ferric salt, pro- 
duces a deep-red coloured liquid, owing to the formation of ferric 
acetate. On diluting and boiling, the whole of the iron is precipi- 
tated as basic ferric acetate in the form of brownish-yellow flakL, 
which should be filtered hot and as quickly as possible when 
fluid flas become clear. (Method of separating Fe" from 

Ammonium succinate or benzoate precipitates ferric, but not 
ferrous, salts, as ferric succinate or benzoate.* The ferric solution 
should be perfectly neutral. Salts of Mn, Co, Ni, Zn, are not 
precipitated. (Method of separation of Fe" from Fe" Mn Ni 
Co, Zn.) ’ ’ ’ 

Freshly precipitated and well washed barium or calcium car- 
bonate, s^pended in water, precipitates ferric (not ferrous) chloride, 
as ferric hydrate, Fe 2 (HO) 5 , mixed with basic salt, with evolution of 


acids. 


The fonnnlae of these compounds will be explained under the respective 



SEPARATION OF IRON FROM Ni, Mn, Co, Zu. 53 

carbonic anhydride. The reagent is add^d to the neutral ferric salt 
in the cold, and well shaken up with it. till the reddish-brown pre- 
cipitate acquires a whitish appearance, from excess of the alkaline 
earthy carbonate. 

Barium carbonate separates in like manner the higher or -ic 
chlorides of this group from the lower or -ous chlorides. In order 
to separate ferric from ferrous compounds, or ferric, chromic, and 
aluminic compounds from ferrous, zinc, manganous, cobaltous, and 
nickelous salts, it is necessary that these metals should all be obtained 
in the form of chlorides. On the addition of barium carbonate, the 
respective hydrates, mixed with basic salts, are precipitated from the 
ferric, chromic and aluminic chlorides, whilst ferrous chloride and the 
chlorides of Zn, Mn, Ni, and Co are not affected. Air has to be 
excluded as carefully as possible, in order to prevent the oxidation of 
the ferrous, manganous and cobaltous hydrates during the operation. 
The reaction should be performed in a small flask, filled nearly to the 
neck with the liquid, and kept well corked, after the evolution of the 
carbonic anhydride has ceased. The addition of ammonium chloride, 
previous to the precipitation with barium carbonate, almost entirely 
prevents any cobaltous or nickelous hydrates from falling out with 
the barium carbonate precipitate. (Method for separating Fe'^ (also 
A1 and Cr) from Fe", Zn", Mn", Ni", and Co".) 

The precipitate is filtered off, and dissolved in hydrochloric acid ; 
the barium removed by means of dilute sulphuric acid, and the Fe, 
Cr and Al, precipitated by ammonium hydrate. 

Tannic as well as gallic acid (tincture of nut-galls) produces from 
neutral ferric salts a bluish-black precipitate (ink) readily soluble with 
decomposition in acids. 

Ferric salts can act as oxidising agents in some cases. Thus 
H 3 SO 3 is converted into H^SO^ ; KI gives off iodine ; Sn^'Clg is con- 
verted into Sn^'^Cl^ ; Na 2 S 203 ; (sodium hyposulphite) is oxidised to 
HNaSO^. It is generally necessary for an acid to be present. Iron, 
zinc, or magnesium readily reduce ferric to ferrous salts. 

C. Ferric anhydride, Fe 03 , ferric acid, H^FeO^, containing 
hexad iron, has never been obtained in an uiicombined state. The 
alkali salts only are known, and are obtained by fusing ferric 
oxide with nitre. Ferrates are decomposed far more readily than 
manganates. 

CHROMIUlVt, Cr", and The element is not employed in 
the metallic state, but is used as an alloy with iron. Chrome steel is 
such an alloy. It is extremely hard even without the process of 
hardening. It is generally formed by heating steel for some time to 
a very high temperature with chrome iron ore in a strongly reducing 
atmosphere or in contact with carbon. Little is known of its phy- 
sical properties in a separate state. Its atomic weight = 52*45, 
specific gravity 6*50. Its melting point is not known with certainty, 
but is higher than that of platinum. As obtained by reduction of 
the chloride, with sodium or magnesium, metallic chromium is very 



54 


CHROMIUM. 


hard, crystalline, and about ,the colour of iron. It oxidises slowly 
in air, and dissolves readily jn acids with the exception of strong 
nitric, towards which it behaves like iron. This element is not very 
widely distributed. It occurs in nature chiefly as chrome iron ore, 
Cr^OaFeO, and crocoisite, PbOrO^. Chromic oxide constitutes the 
colouring matter in ruby, green serpentine, <fec. Many of its com- 
pounds are employed as colours. 


EXPERIMENTS. 

I . Ferro-chrome or chrome-steel, on heating in the open tube, shows little 
change. 

II. Heated very strongly with sulphur, a little FeS is formed. 

III. Acids^ dissolve it very slowly. The more Cr the slower the action. 

Strong nitric is the best solvent. On evaporating to dryness in a small dish, 
adding a little (solid) KNO3 potassium nitrate, and fusing a mass consisting 
of FcgOg, and KoCf04 is left. Water dissolves the KoOrO^, giving a yellow 
solution. ^ 

IV. Ferro-chrome or other alloy will also give K,CrO., on direct fusion 
with KNO35 better with Na^Og and ENO^. 

Most compounds are made from chrome iron ore, FeCrO^, by fusion with 
alkalies and decomposition of the alkaline chromate formed. 

I. Chromium oxide, Cr203, heated alone does not change. Acids dissolve it, 
forming green salts. The sulphate, CrjjSSO^, is a green-purple crystalline 
body. The chloride is very deliquescent, like the ferric chloride. 

II . The oxide scarcely changes on heating with sulphur. 

III. Ammonia does not dissolve it, but strong NaHO solution does the 
precipitated oxide. After intense ignition the oxide is nearlv unaffected. 
All alkalies and alkaline carbonates, also CaO, give chromates on fusion with 
the oxide ; they are yellow, crystalline and soluble. 


DRY REACTIONS. 

Chromium compounds are readily recognised by the very charac- 
teristic green colour which the oxide imparts to borax and micro- 
cosmic ^It, especially in the reducing flame. Finely powdered 
chrome iron ore, or other very insoluble and difficultly decomposable 
chromium compounds, fused for a few minutes in a platinum spoon 
or crucible with four times its weight of hydrogen potassium 
sulphate, and then again with the addition of an equal bulk of nitre 
and potassium carbonate (equally mixed), yields a yellow mass of 
potassium chromate, K^CrO^, which is soluble in water to a yellow 
solution. If manganese were present, the solution would be green 
owing to the formation of potassium manganate. This latter can be 
readily removed by adding a few drops of alcohol to the solution, 
heating and filtering off the manganic hydrate. The chromate 
remains unchanged in the alkaline solution. 


REACTIONS IN SOLUTION, 

Chromic salts can be prepared from the yellow K,OrO,, or the 
red potassium dichromate, K*Cr,0„ by heating with strong hydro- 
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chloric acid and adding alcohol, when the yellow solution changes 
to a deep green solution of CrgClg.* * 

Chromium is capable of forming S,t least three series of com- 
pounds — 


Chromons compounds. 

Cr"Cl3. 

Cr"0. 

Cr"(HO),. 

&c. 


Chromic compounds, 
'CV''CL. 

'Or'" A. 

'Cr"',(HO)e. 

&c. 


Chromates, 

KgOrO^. 

PbCrO,. 


&c., 


of which the two latter are best known. 


A. Chromic Compounds , — The sulphate or double sulphate with 
K or Na (CrAlum), chloride, nitrate, or acetate, are soluble and easily 
obtained salts. 

(N 1 I^) 2 S (group-reagent) precipitates bluish-green chromic hy- 
drate, Cr 2 (HO)g, insoluble in excess. ^ 

NH^OH precipitates the hydrate, somewhat soluble in excess, 
the fluid acquiring a pink tint. This is probably due to a chrome 
ammonium compound. On boiling for a few minutes the precipita- 
tion is generally complete. 

KHO or NaHO, same precipitate, readily soluble in excess of the 
cold reagent to a green solution ; reprecipitated by long-continued 
boiling, or on adding whereby the fixed alkali is removed as 

KOI or NaCl, with liberation of ammonia. 

Na^COg or K 3 OO 3 gives a greenish precipitate of basic carbonate 
{varying in composition), somewhat soluble in excess. 

HNa^PO^ (hydrogen disodium phosphate) precipitates green 
chromic phosphate, OrgP^Og, soluble in mineral acids, difficultly 
soluble in acetic acid. 

Barium carbonate precipitates a basic carbonate. The precipita- 
tion takes place in the cold, but is completed only after long digestion 
— two or three days. 

In the presence of citric, tartaric, and oxalic acid, and also of 
sugar, the precipitation of chromic salts by means of ammonia, 
sodium or barium carbonate, is more or less incomplete. 

Chromic compounds may be recognised also by converting the 
chromic oxide into chromic acid. This may be accomplished — 

1 st. By boiling a solution of Cr^Clg with PbOg and KHO or 
NaHO. The reaction which takes place, and which is indicated 
by a change of colour (from green to yellow) may be expressed thus : 

(1) CrgCl, + GKHO = + 6KC1; 

Soluble in 
excess of KHO 

( 2 ) Crg(HO), + 3PbOg = 2PbCrO, + PbO + 30Hg. 

Soluble in Soluble in 
KHO KHO 


* This is most probably CrClg, 
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CHROMIC ACID. 


On acidulating the solution with acetic acid a precipitate of lead 
chromate, PbCrO^, is obtaine^l. 

2nd. By boiling a solution of Cr^Clj with NaHO and sodium 
hypochlorite, ClNaO, or bleaching powder, CaOOl,, thus : 

Org(HO)6 + SClNaO + 4NaHO = 2Na3Cr6, + 3NaCl + 50H,. 

Yellow sodium 
chromate 

3rd. By fusion with alkaline carbonates and nitre on platinumt 
foil. 

B. Chromic anhydride, CrOg, combines with water to form chromic 
acid, HgOrO^. This forms with monad metals two classes of salts, 
the normal or yellow chromates, viz., e.y., K^CrO^, and the dichro- 
inates, e.g-j K^CrjOy, isomorphous with the corresponding sulphates 
and disulphates. A solution of the neutral potassium chromate is 
changed to an orange-red (acid) dichromate solution on the addition 
of an acid, thus : 


2K,CrO, + 2HC1 = K,Crp, -i- 2KC1 + OH,. 


Conversely, the dichromate is transformed into a chromate on the 
addition of an alkali, thus ; 


2K,Cr,0, + 2KHO - 2K,CrO, + OH,. 


Trichromates, and even higher stages, are also known, and may 
be easily obtained by treating an alkaline or other chromate with 
nitric acid, which removes some of the positive metal. They are less 
soluble than the normal salts, and more intensely coloured, and 
generally crystallise well. 

Chromic anhydride may be prepred by slowly adding to a cold 
saturated solution of the red potassium dichromate 1 1 times its bulk 
of concentrated sulphuric acid, and allowing it to cool slowly. CrO 
crystallises out in brilliant crimson-red prisms. The mother-liquor 
is poured off, and the crystals placed to drain upon a porous tile or 
slab of unglazed porcelain (biscuit ware), or in a funnel which has 
been lightly plugged with asbestos. They must be protected from 
moist air, as the substance is extremely hygroscopic. 

Chromic anhydride is one of the most powerful oxidising agents 
known. Four molecules of CrO, yield upon ignition chromic oxide 
and three molecules of oxygen, according to the equation ; 

4Cr03 - 2Cr,03 + 30,. 

Reactioxs of CrO, based upon its Oxidising Action. 

Ablution of potassium dichromate, K,Cr,0,, will show these. 

bH,, in the presence of free hydrochloric acid, reduces the 
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orange-red solution to a green liquid, ^ulphur being precipitated, 
thus : ^ 

K^Or.O, + 8H01 + 8SH, - Cr^Cle + 2K01 + 70U, + S3. 

A little HgSO^ is generally formed, 

(NH4)3S, added in excess to a solution of an alkaline chromate or 
dichromate, precipitates dirty green hydrated chromic chromate. 
On boiling, the whole of the chromium separates as green chromic 
hydrate, thus : 

+ 3(NH,)3S + 7OH2 = Cr3(HO)e -H S3 + 2KHO + GNHpH. 

H2SO3, in the presence of a little free acid, reduces potassium 
dichromate to chromic sulphate, thus : 

+ 3H3SO3 + H3SO, = Cr2(SO,)3 + K^SO, + 40H,. 

Chromic sulphate and potassium sulphate constitute potassium 
chrom-alum, 

HoOgO^ (oxalic acid), in the presence of free acid (dilute sul- 
phuric), produces the same reduction, carbonic anhydride being 
evolved. Six molecules of COg, or three of oxalic acid, are the 
measure for one molecule of potassium dichromate, 

K,Cr,0, + + 4H3SO, = K,Cr3(SO,), + 6CO3 + 70H,. 

Hot concentrated sulphuric acid decomposes the dichromate, 
with evolution of oxygen and formation of potassium chrom-alum, 
thus : 


^K^Cr^O, -h 8H3SO, = 2K,Cr,(SO,), + 8H,0 + 50,. 

HCl (concentrated) evolves chlorine, and the hydrogen com- 
bines with the three available atoms of oxygen in the dichromate 
thus : 


K^Cr.O- -h 14HC1 = Cr^Cl, -h 2KC1 + 7OH3 -h 3C1^ 

H3ASO3, arsenious acid (in a hydrochloric acid solution), is con- 
verted into H3 AsO^, thus : 

K^Cr^Oy -h 3H3ASO3 + 8HC1 = Cr,G\^ + 2KC1 -h 3H3 AsO, + 40H,. 

SnClg, SbCl3, FeClg, Zn (Fe, Sn, &c.) in the presence of dilute 
HOI, reduce also chromates or dichromates. The reduction is quite 

* The action is much more complex than here given, some of the S be- 
coming oxidised to SO3, which combines with the ammonia, forming 
(NH^)3S04. The amount of S oxidised is generally about a third of that 
represented as liberated in the above equation. On heating NH3 escapes, 
sulphide and sulphate of potassium being left in solution. 
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TESTS FOR Cr 03 ^ 

easily effected by most organic bodies, such as alcohol in the presence 
of HCl, in which case the* alcohol is oxidised to aldehyde, acetic 
ether and other products. ^K^OrgOyis much used for this kind of 
oxidation, both in the laboratory and on a technical scale. 

Reactions for Cr03 produced by Double Decomposition. 

Chromates of K, Na, Li, Cs, Rb, (Ca, Sr,), Mg, are fairly 
soluble in water. Others are much less soluble, none are absolutely 
insoluble, and all chromates dissolve readily in dilute nitric acid. 

BaClg, added to a solution of a normal chromate (or dichromate) 
gives a light lemon-yellow precipitate of barium chromate, BaCrO^, 
even in very dilute solutions, as it is very insoluble in water, also in 
acetic acid, soluble in dilute nitric or hydrochloric acid, and precipi- 
tated again by ammonia. 

Pb(CgIl30g)g (lead acetate) gives a fine lemon-yellow precipitate of 
lead chromate, PbCrO^, soluble in KHO, sparingly soluble in dilute 
nitric, insoluble in acetic acid. The neutral salt is converted upon 
digestion with alkalies into a basic red chromate, PbCrO^, PbO. 

AgNOg (silver nitrate) gives a dark purple-red precipitate of 
silver chromate, Ag^CrO^, soluble in nitric acid and ammonia. 
From weak acid solutions silver dichromate, Ag^CrgOj., is precipi- 
tated. 

HggCXOg), (mercurous nitrate) gives a dark brick-red basic pre- 
cipitate of HggOrO^jHggO, corresponding to the lead-salt, which on 
ignition is converted into oxygen, mercury vapoui*, and finely 
divided green oxide, Crg03. (Method of separating chromic acid 
from chromic oxide.) 

On bringing together a little chromic acid with hydrogen per- 
oxide, OgHg, solution, a deep indigo-blue colour is produced, owing 
probably to the formation of perchromic acid. 

A solution of perchromic acid decomposes, however, rapidly with 
evolution of oxygen, leaving HgCrO^ and Cr203 ; its constitution is yet 
unknown. A solution in ether is far more stable than an aqueous 
solution. It is obtained by adding ether to a very dilute (acid) 
solution of OgHg, and then a drop of dilute solution of a chromate or 
dichromate. On shaking up gently, the ether takes up the perchromic 
acid, and acquires an intensely blue colour. Mere traces of Cr03 
can be discovered in this manner, or vice versd very small quantities 
of OgHg. 

This is the most reliable test for HgOg. 

ALUMINIUM^ AP‘ and — Is one of the metallic elements 
which occur most abundantly in nature in the form of the oxide. 
Ruby, sapphire, emery are almost pure Alg03, It is a constituent of 
many minerals, in combination with silica, with sulphuric, phosphoric, 
and other acids ; and in the form of fluoride in cryolite and topaz. 
The element in the metallic state is not known free in nature, but is 
obtained by heating its chloride with sodium, also by several electro- 
lytic methods on fused aluminium fluoride, with bauxite, &c. &c. It 
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is white, with a decided blue tint ; has nearly the hardness of copper, 
is very malleable and ductile, and is^ permanent in air. Water 
scarcely acts upon it, but diluted mineral acids dissolve it readily, 
and solutions of chlorides also act upon it. Its atomic weight = 27*01 ; 
specific gravity 2*60 ; melts at about 800^ C., and is not appreciably 
volatile. It is an excellent conductor of heat and electricity, and 
forms alloys with most other metals. Its specific heat is very great, 
-2143. 


EXPERIMENTS. 

I. Aluminium, in foil or wire, heated in the tube, melts, the surface 
becomes dull owing to a very thin layer of white oxide. The oxidation is 
very slow, as this layer of oxide seems to protect the underlying metal. 

II. Heated with sulphur no action takes place until a full red heat is 
attained. A little sulphide is formed, but the action is slight and never quite 
complete in an ordinary glass tube. 

III. HCl acts very rapidly, hydrogen being evolved. On evaporating the 
solution to dryness the hydrate or oxide is left as a white powder. The 
chloride in solution is probably AlCljjSHCl, which is decomposed by the water 
on evaporation into Al(HO )3 and HCl. 

Sulphuric acid, dilute, acts slowly. A white indistinctly crystalline sulphate 
is left, Ab3S04. 

Nitric acid acts most slowly. When concentrated, scarcely at all. On 
evaporating, a white hydrate is left, all the nitric going off with the water. 

IV. Alkalies, KHO, NaHO, dissolve the metal and liberate hydrogen. The 
action on gently heating becomes somewhat violent. So-called aluminates 
are formed, as AlgOgSK^O. 

Ammonia has no action on the metal or oxide. 

The oxide dissolves in soda unless it has been very strongly ignited or it be 
the native form as corundum, emery, or ruby, or sapphire. These forms are 
also insoluble in acids. 


DRY REACTIONS. 

Alumina, when heated on charcoal, is distinguished from other 
oxides by its property of glowing brightly, and assuming a beautiful 
sky-blue colour, after being moistened with a solution of cobaltous 
nitrate and again heated strongly, owing to its forming with the 
cobalt oxide a salt — cobaltous aluminite. This test is not always 
decisive, and becomes inapplicable when coloured oxides, such as Fe 203 , 
MnO, &c,, are present. Also many phosphates and borates give a 
blue which to the unpractised eye appears the same. 


REACTIONS IN SOLUTION. 

Soluble salts of aluminium, like the chloride Al^Clg, or alum, 
Al 23 S 0 ^,K 3 S 04240 Il 2 , may be used for testing. It does not form 
salts readily^ and comparatively few soluble ones are in use. 

(NH 4 ) 2 S gives a white gelatinous precipitate of aluminic hydrate, 
Al 2 (HO) 6 , sulphuretted hydrogen being evolved thus : 

(NH^3A1,(S0,), + 3(N + 60H, = Alg(HO )6 + 4(NH,),SO, + SSH,. 
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KHO or NaHO^ precipitates the hydrate, readily soluble in 
excess, forming a saline compound, sodium aluminate, Al^Na^O^, 
which is reprecipitated by excess of ammonium chloride, or by 
ammonia after neutralisation of the alkali by hydrochloric acid. The 
alkaline solution is not precipitated by ammonium sulphide. (Method 
of sepamtion of A 1 from Fe^'^.) 

NH4OH precipitates the hydrate, somewhat soluble in excess, in- 
soluble in the presence of much ammonium chloride, and on boiling. 

Na2C03 or K3CO3 precipitates basic carbonate of uncertain compo- 
sition. 

BaCOg precipitates Al2(HO)g, slowly, but completely, even in the 
cold, mixed with a basic salt. Carbonic anhydride escapes. 

HNagPO^ gives a bulky white precipitate of aluminic phosphate, 
AlgP^Og, insoluble in ammonium hydrate and chloride ; soluble in 
KHO or NaHO, like the hydx'ate, and in acids, but not in hot acetic 
acid. (Distinction of from aluminic phosphate.) Alkaline 

acetates precipitate AUP^Og from its solution in mineral acids. The 
presence of citric acid, but not of tartaric acid or of sugar, prevents 
its precipitation. NH^Cl precipitates the phosphate from its soda 
solution. 

In order to decompose aluminic phosphate (as in the mineral 
wavellite) it is best to fuse the finely powdered mineral with parts 
of finely divided SiO^, and (J parts of Na^COg, in a platinum crucible 
for about half an hour. The mass is digested for some time with 
water, and acid ammonium carbonate NH^HCOg added in excess ; it 
is then filtered and washed. The residue consists of aluminic and 
sodium silicates, the solution contains the sodium phosphate. Dis- 
solve the residue hy dilute hydrochloric acid, and evaporate to dryness 
to separate the silica and filter. The filtrate may be tested for A 1 in 
the usual way. 

Alumina occurs mostly in minerals which are not soluble in acids. 
Boiling with concentrated sulphuric acid attacks many; all are, 
however, decomposed by fusion with KHSO^, or with fusion mixture, 
after w’hich they are soluble either in water or in dilute hydrochloric 
acid. 

Powder up some porcelain very finely, and fuse for half an hour in 
a platinum crucible, with four times its weight of fusion mixture. 
Extract with water. Transfer both the soluble and insoluble portion 
— consisting of alkaline aluminate — to a poi’celain dish, acidulate 
with hydrochloric acid, and evaporate to dryness. Take up with a 
few drops of concentrated hydrochloric acid and hot water, and filter ; 
wash the insoluble SiO^ well with hot water. The filtrate contains 
the aluminium as chloride, from which it can be precipitated by am- 
monia as usual. 

* Potassium and sodium hydrate.s are mostly contaminated with alumina, 
derived during the manufacture from porcelain vessels, and it is therefore 
necessary to employ pure NaHO (prepared in silver or nickel vessels) for the 
separation of Fe and Al. It must also be recollected that NaHO acts, in the 
course of an ordinary analysis, destructively upon porcelain and glass vessels, 
dissolving both silica and alumina which give similar reactions with ammonia 
and its salts. 
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Aluminic silicate is often found in nature associated with potas- 
sium or sodium silicate, as in felspar and albite. In order to test 
for potassium and sodium, alkali salts ftiust, of course, be carefully 
avoided. This can be done by making use of hydrofluoric acid, 
or by heating in a platinum crucible or on foil with OaO or with 
calcite, CaCOg. 

Introduce a small quantity of finely powdered felspar into a plati- 
num ^ crucible or dish ; cover with liquid hydrofluoric acid, and 
evaporate at a gentle heat in a closet or under a hood which is 
connected with the chimney. HF attacks the SiO^, forming silicon 
fluoride, SiF^ — a volatile compound — and leaves the aluminium 
and potassium behind as fluorides which dissolve in dilute hydro- 
chloric acid : 

K^Al^SigOje + 32HF = 6SiF, + 2KF + Al^F^ + 160H,. 

Volatile 

The decomposition is generally only completed after two or three 
evaporations with II F. 

Mix the fine powder of felspar with either powdered calcite or 
CaO and heat strongly, best in a covered crucible, for thirty minutes. 
On treating with HCl and evaporating to dryness the SiO^ becomes 
insoluble and Al, Ca, K may be taken up by water as chlorides. 

N.B. — The separation of the metals of Group III. is surrounded by 
some difficulties which arise from the possible simultaneous precipi- 
tation of 


1st. Sulphides, XiS, CoS, MnS, ZnS, FeS, 

2nd. Hydrates, Cr 2 (HO)g, Al 2 (HO)g, and 
3rd. Phosphates of Cr, Al, Ba, Sr, Ca, Mg, 

and it is therefore well always to ascertain, by a special experiment 
whether phosphoric acid is present or not in the solution under 
examination. 

This can readily be done by adding to a small part of the solu- 
tion a little concentrated nitric acid, and a solution of ammonium 
molybdate, t a yellow precipitate is obtained especially on gently 
heating, showing the presence of phosphoric acid. If no precipitate is 
obtained, phosphates are absent. 

(a) Phosphoric acid is absent . — ^This is indicated if the original 
substance dissolved readily in water. If insoluble in water, but 
soluble in dilute acids, phosphoric acid may likewise be absent from 
the substance. 

It would appear at first sight that the deportment of the five sul- 
phides and two hydrates with ammonium chloride and ammonium 
hydrate, sodium or potassium hydrate, or dilute acids HCl), 

* With care a leaden dish will do. 

t For the preparation of this reagent see Appendix Reagents. 
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would enable the members of this group to be separated, or several 
of them, from each ottfer. It has been shown, for example, 
that — 

1st. Ni,Co,Mn,Zn are not precipitated by ammonia from a hot 
solution containing large excess of NH^Cl; whilst re,(H0)s,Cr,(H0)5, 
and Al,(HO)g ai-e precipitated. It has, however, been found that 
the mode of separation, based upon this solvent property of am- 
monium chloride, gives but imperfect results, since the Fe,(HO )5 
caiTies down varying quantities of other oxides, especially on 
exposure of the solution to the air, when higher oxides of man- 
ganese and cobalt are formed, which are not soluble in ammonium 
chloride. Small quantities of Ni, Co, Mn, and Zn may thus be 
overlooked altogether. It is only by redissolving the precipitate 
and reprecipitating several times over with ammonium chloride and 
ammonia, as long as the ammoniacal filtrate gives a precipitate with 
sulphuretted hydrogen, that iron can be completely separated from 
manganese, <tc., in this manner. 

With these precautions, however, it is mostly possible to separate 
the metals of this group from each other by first precipitating 
ferric, chromic, and aluminic hydrates by means of NH^Cl and 
NH^OH, and then from the filtrate, the sulphides of Ni, Co, Mn, 
and Zn by means of SH^ or (NHJ^S. 

2nd. That Zn, A1 and Cr are precipitated by KHO or NaHO, 
but are soluble in excess, whilst the other metallic hydrates are 
insoluble. From this it would appear that these three metals can 
be separated by means of the fixed alkaline hydrates. But it has 
been found here again that Fe 2 (HO)g, Ni(HO)j, Co(HO),, Mii(HO)j 
carry down appreciable quantities of Zn(HO), and more es- 
pecially the Fe 2 (HO )6 precipitate of Cr,(HO)s, ^*^d that a com- 
plete separation cannot be effected by precipitation with KHO 
or NaHO. 

8rd. Cold dilute hydrochloric acid does not dissolve CoS or NiS 
to any great extent, but dissolves the other sulphides and hydrates. 
This method, if practised with care, gives good results, small traces 
only of CoS and NiS being generally di.ssolved out. But as it leaves 
the iron, aluminium, and chromium still to be sepai-ated from man- 
ganese and zinc, no saving of labour is effected thereby in the separa- 
tion of these seven metals. 

Finely divided freshly precipitated baric carbonate is a reagent 
which separates the lower oxides — viz., ZnO, MnO, NiO, CoO (this 
latter not quite so perfectly, except in the presence of much ammo- 
nium chloride), from the higher oxides— viz., Fe^Og, Al^O,, and Gr^Og. 
The metals should be finst obtained as chlorides.' 

The examination of the pi^ipitate produced by barium carbonate 
is based upon — 

1st. The solubility of Alj(HO)6 in sodium hydrate. 

2nd. The conversion of Cr^Oj into CrO, by fusion with sodium 
carbonate and nitre, or by boiling with ClNaO, or with PbO, in an 
alkaline solution. 
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The examination of the filtrate is based upon — 

• 

1st. The solubility of Zii(HO)j in sodium hydrate, 

2 nd. y, MnS in acetic acid. 

3 rd. The formation of soluble KgOo^Oyi^ and the precipitation of 
Ni as black Ni2(B[0)g by sodium hypochlorite, or hypobromite.* 

Directions for the separation of these seven metals will be found 
in the analytical tables under Group IIIa. 

(/3) Phosphoric acid is j?9*esent . — The original substance was either 
insoluble or only partially soluble in water, but soluble in hydrochloric 
acid. In this case NH^Cl and NH^OHt produce a precipitate before 
(NH^)2S is added. If (11114)28 is added without filtration after the 
addition of the precipitate may possibly consist of NiS, CoS, 

MnS, ZnS, FeS, Al2(I10)g, Cr2(HO)g, as well as the phosphates of 
(Or), Al, Mg, Ca, Sr, Ba. 

Ammonium chloride and ammonia precipitate Ni, Co, Mn, Zn, 
and Fe phosphates without decomposition. Ammonium sulphide 
converts the phosphates of Ni, Co, Mn, Zn, and Fe into sulphides 
and ammonium phosphate and this could then act upon any soluble 
salts of Ba, Ca, Sr, Mg, and convert them into phosphates although 
they were not as phosphates in the original mixture. 

An example will make this clear. Supposing that the substance 
under examination consists of barium carbonate and calcium and 
ferric phosphates, BaC0g,Ca3P20g and Fe^BgOg. On dissolving in 
hydrochloric acid, barium chloride is formed, and the calcium and 
ferric phosphates are dissolved without decomposition. On adding 
NII4CI and NII4OH, a yellowish-white precipitate of Fe^P^Og and 
Ca3P20Q is obtained, whilst BaCl^ is not precipitated. On adding, 
however, (NH4)2S as well as the ammonium chloride and ammonia 
to the solution, Fe^P^Og is decomposed into ferrous sulphide and 
ammonium phosphate, which latter, by acting upon the BaCl^, would 
precipitate barium phosphate. 

In order to avoid this, the precipitate produced in Group III. by 
NH4OI and NH^OH, which contains for the most part the whole 
of the phosphates, is filtered off, and (NIl4)2S added to the filtrate 
only. 

The precipitate produced by ammonia is dissolved in a little 
dilute HCl, nearly neutralised with Na^COg, and an excess of a solu- 
tionj containing sodium acetate and acetic acid is added. The phos- 
phates of iron, chromium, and aluminium are precipitated. Any 
phosphates of the alkaline earths left undecomposed by the ferric 
chloride already present in the solution, are held in solution by the 
acetic acid. To the filtrate add Fe^Ol^, drop by drop, as long as a 

* Instead of NaOCl bromine water may generally be used. In an alkaline 
solution a hypobromite as NaOB is formed. The oxidising action is just the 
same. 

t If ammonium chloride and ammonia should give no precipitate, it is 
obvious that no phosphates and no Fe, Al and Cr need be looked for. 

i For the preparation of this reagent see Appendix. 
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precipitate"^ is obtained, and till the colour of the supernatant liquid 
becomes distinctly reddish! Digest at a gentle heat : allow to sub- 
side and filter. In this mafianer the whole of the phosphates of the 
alkaline earthy bases are decomposed, with formation of the Fe^Pj^Og, 
insoluble in acetic acid — (which precipitate may be neglected), and 
chlorides of Mg, Ba, Sr, Co which remain in solution, together with 
the chlorides of Ni, Co, Mn, Zn. The whole of the phosphoric acid 
having thus been removed, the metals that were originally present 
as phosphates may be detected in the usual way. 

It may be of interest to ascertain whether oxalates of Fia, Sr an<l 
Ca(w’hich are destroyed by evaporation with nitric acid and ignition, 
before proceeding to Group HI.), w^ere present in the original 
mixture, in which case the evaporation to dryness and ignition must 
be omitted. 

The precipitate produced in Group III. by ammonium chloride 
and ammonia alone, contains the oxalates, as w^ell as the phosphates 
of the alkaline earthy bases, and possibly also gelatinous silica. The 
oxalates are decomposed by gently igniting the precipitate, and are 
converted into carbonates. The ignited mass effervesces strongly on 
extraction wnth dilute hydrochloric acid. Wlien the solution is 
evaporated to dryness and again taken up with dilute HCl, the 
silica, if present, is rendered insoluble, and may be separated by 
filtration. To the acid solution, w’hich may possibly contain phos- 
phates of Mg, Ca, Sr, and Ba, as w’ell as chlorides of the bases, 
present before ignition as oxalates, add Nil /'I and XIIjOH and 
filter off. The filtrate contains the chlorides of Ba, Sr and Ca, and 
is tested separately accoi’ding to Table IV, All bases so discovered 
must have been present originalh’ as oxalates. 

The separation of the individual members of this group is based 
upon : 

1st. The insolubility of the phosphates of Fe, A1 (and Cr) in 
acetic acid in the presence of an alkaline acetate. 

2nd. The separation of the whole of the phosphoric acid which 
is in combination with the alkaline earthy bases, by means 
of Fe^Clg, in an acetic solution. 

All other operations are identical with those already described. 

Phosphates may be decomposed in another w’ay, depending on 
the fact that almost all phosphates, excepting those of molybdenum 
and tin, are soluble in strong nitric acid. When any phosphate is 
mixed with tin, in filings, or finely granulated, and then covered with 
moderately strong — 50 per cent. — nitric acid, a violent action takes 
place between the Sn and the acid, resulting in the formation of a 

* If any phosphates of the alkaline earthy bases be left, Fe 2 Clg should pro- 
duce a yellowish-white precipitate when added to a portion of the acetic acid 
solution ; if not, no ferric salt need be added to the main portion of the 
filtrate. (The presence of iron, other than phosphate, is generally indicated 
by the reddish or ferric acetate colour of the filtrate.) In this case A1 and Cr, 
as well as the metals of the alkaline earths, will still have to be looked for in 
the filtrate. 



REMARKS. GROUP III. 


65 


stannic hydrate — so-called meta-stannic acid. The phosphates are at 
the same time dissolved by the nitric.* This stannic hydrate (or 
acid) combines with the of the phosphates forming a compound 
quite insoluble iii strong or dilute nitric, but decomposed by HCl. 

The process is best carried out by evaporating the filtrate, after 
passing SH^, in which phosphates have been found, to dryness or 
nearly so, adding a few grams of tin filings, and covering with 
moderately strong HNO 3 , stirring well and allowing to evaporate on 
a sand-bath or wire gauze over a flame nearly to dryness. After 
cooling add dilute HNO 3 , warm gently and filter. All the bases will 
be found in solution as nitrates, and the P^O^ will be retained in the 
white tin oxide residue. Chlorides should be absent. 

Before proceeding the nitric acid filtrate must be tested for PgOj 
by ammonium molybdate. 


Although the metals of Group III. arrange themselves very well 
for analytical purposes as a group, there is much difference between 
some of them in other respects. Fe, Ni, Co, Zn are easily reduced 
from their oxides, Pe^Og, NiO, CoO, ZnO by carbon or CO. MnO is 
not so easily reduced, and AlgOg and Cr^Og are practicaUy not 
reduced by C or CO alone at any temperature. The easiest method 
of reduction in these cases is from their chlorides by sodium or 
magnesium. By the simultaneous action of Cl and C on the oxides, 
as : 

AiPg + 3C + 3CL = Al^CIe + 3CO, 

the dry chlorides are produced, and may be decomposed by sodium. 
CroOg behaves in exactly the same manner. 

The metallic character of chromium, measured by the few salts 
it forms with acids, is less than that of the other elements in the 
group. The sulphides also of Cr and A1 are not formable by wet 
processes, whilst all the other metals readily form sulphides from 
aqueous solutions of their salts. Nickel and cobalt might almost be 
looked upon as enantiomorphous bodies, from the behaviour of some 
of their salts, oxides, etc. 

With the exception of zinc and aluminium, all these elements 
have high melting points. Their oxides are all very difficultly fusible 
bodies. The chlorides are all fusible and volatile. ZnOlg, most 
easily followed by AICI3 and CrCl^ and FeClg, NiCl 2 , CoCL, and 
MnCl 2 , melt but do not vaporise easily, excepting in a current of 
chlorine gas. The AICI3 and CrClg are scarcely, if at all, reduced by 
hydrogen at a red heat. The others are moderately easily reduced, 
MnCl 2 being the most difficultly reducible. 

The carbides of Al, Cr, Fe, and perhaps also of Mn, when 
decomposed by water, or HCl, give hydrocarbons of the paraffin 
series as well as acetylene. 

Al, Cr and Fe show a strong tendency to form alums, whilst 
Ni, Co and Zn do not form this class of salt, and Mn, in this respect, 
seems to fall between the two sets of metal. 



CHAPTER V. 

EEAOTIONS OF THE METALS OF GROUP II. 

This group comprises the metals mercury, lead, bismuth, copper, 
cadmium, arsenic, antimony, tin {gold and platinum), which are 
precipitated from acid solutions (HCl) by means of sulphuretted 
hydrogen. 

As an exercise mix together solutions of Bi(N 03 )j, HgCl^, CuSO^, 
CdClj, AsjOj (dissolv'ed in HOI), Pb(N 03 ),, SbClj, SnClj, and SnCl^, 
and pass a current of SH,, without first filtering ofi' the white pre- 
cipitate which is produced. Filter ; pass the gas again through the 
clear filtrate, to make sure that the metals have been entirely preci- 
pitated. Wash the precipitate with hot water; remove a portion 
from the filter : boil with a little yellow ammonium sulphide, and 
filter off. A black residue is left, consisting of HgS, PbS, Bi.Sj, 
CiiS, Cds. The solution contains As^S^, Sb^Sj, SnS and SnS, dis- 
solved in the ammonium sulphide.* This can be shown by acidu- 
lating with dilute hydrochloric acid when a yellowish precipitfite 
comes down,t consisting of the sulphides of As, Sb, Sn. 

This shows that Group 11. may be divided, by means of ammonium 
sulphide or other alkaline sulphide, into two portions. 

The name sulphide, in its widest sense, is given to all compounds 
into which sulphur enters as the electro-negative element. A striking 
analogy is observable between oxides and sulphides. There is a 
certain class of sulphides which resembles metallic oxides or bases ; 
another class which plays the part of oxy-acids.| Sulphides are 
therefore divided into sulpho-bases and sulpho-acids. To the latter 
belong the sulphides of H, As, Sn, Sb (Pt, Au) ; to the former the 
sulphides of many metals, especially such of the metals as constitute 
powerful bases (K, Xa, XH^, J5a, Ca, ikc). An electro-positive ele- 
ment, which forms with oxygen an oxide, combines generally also 
with the same number of sulphur atoms, to form a coxTesponding 
sulphide, in which the sulphur is performing similar functions to 
oxygen. 

The resemblance in the constitution of these oxygen and sulphur 

* Potassium or sodium-hydrosulphides are nearly as efficient as the 
ammonium sulphide. It is noticed here, and later, that K and Na sulphides 
exert a slightly different solvent action on the sulphides of the group to that 
exerted by ammonium sulphide. There is no doubt that the solubility of 
these sulphides is due to the formation of a definite double-sulpho salt. 

t Yellow ammonium sulphide converts SnS into SnS... 

t Peroxides have their analogues in persulphides. Both can act as acids 
or electro-negative groups to others with less oxygen or sulphur. 



OXY- AND SULPHO- COMPOUNDS. 67 

compounds is further borne out by the analogy in their solubility 
and alkaline reaction : • 


Oxy -hoses. 

OlSU Potassium oxide, alkaline 

and soluble. 

0(NH4)2 Ammonium oxide „ 

ONag Sodium „ „ 

BaO Barium „ „ 

CaO Calcium „ „ 

FeO Ferrous oxide, no reaction, 

insoluble. 


Sul^lio-hases. 

Potassium sulphide, alkaline 
and soluble. 


S(NH^)2 Ammonium 
SNug Sodium 
BaS Barium 
CaS Calcium 

FeS Ferrous 


„ no reaction, 
insoluble. 


Oxy- a nhydrides. 

AS2O3 Arsenious anhydride. 

As^Og Arsenic „ 

SboOg Antimonious „ 

Sb.jO- Antimonic „ 

SnOg Stannic „ 


Sulplio-anhydrides. 

ASoSg Arsenious sulphide, or sulph- 
arsenious anhydride. 

AS2O5 Arsenic sulphide, or sulphar- 
senic anhydride. 

Sb2S3 Antimonious sulphide, or 
sulphantimonious anhy- 
dride. 

SbgSg Antimonic sulphide, or sulph- 
antimonic anhydride. 

SnS2 Stannic sulphide, or sulpho- 
stannic anhydride. 


Oxy -acids. 

HgAsOg Arsenious acid. 
H3ASO4 Arsenic acid. 
HgSbOg Antimonious acid. 
HgSbO^ Antimonic acid. 
HSbOg Metantimonic acid. 
HgSnOa Stannic acid. 


Snli^lio-acids. 

HjAsSg Sulpharsenious acid. 
H3ASS4 Sulpha rsenic acid. 

HgSbSg Sulphantimonious acid. 
HgSbS^ Sulphantimonic acid. 
HSbSg Sulphometantimonic acid. 
H.,SnSg Sulphostannic acid. 


To this list might be added COg and CSg, which form carbonates 
and sulphocarbonates respectively, and some others. The analogy 
here is most complete. 

Sulpho-salts are obtained by the mutual action of a sulpho-acid 
and a sulpho-base upon each other. 

Sulphides soluble in water, comprising the sulphides of the alka- 
lies and alkaline earthy metals, are divided into normal sulphides, 
such as SKg, S(NH4)2, SNa.„ BaS ; into sulphydrates (acid sulphides), 
such as SKH, SNH^H, Bafi^Sg ; sluA polysul2:)hides^ such as S^Hg, S^Kg, 
S5(NHj2.* The aqueous solutions of the normal and acid sulphides 
are colourless, and give off SHg when treated with dilute hydro- 
chloric acid, without separation of sulphur. Solutions of the poly- 
sulphides are yellow, or yellowish-brown, and when treated with hydro- 

* The composition of the so-called polysulphides has not been made out 
with certainty. Indeed, no scientific examination has as yet been made of 
them. Melted sulphides seem to dissolve a large amount of sulphur, which 
may be retained in solid solution, or they are very likely the analogues of 
sulphites and sulphates in which sulphur is acting the part played by oxygen 
in true sulphites and sulphates, thus : K^SO^ : KjfSS4, and NagSgO, : NagSgS,, &c. 
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chloric acid give off sulphuretted hydrogen, with separation of white 
(or precipitated) sulphur The number of siilpho-salts known is 
small compared with the sdlts of oxy-acids, and they are far less 
stable than ordinary oxy-salts* The number of sulpho-acids is prin- 
cipally restricted to the acids enumerated above, and these again 
combine mostly only with the soluble sulphides possessed of an alka- 
line reaction 3 or, if combined with the sulphides of the heavy 
metals, as in certain cases, they are somewhat easily decomposed by 
chemical agencies. Some are certainly found as minerals. 

The following is a list of some sulpho-salts compared with the 
corresponding oxy-salts : 

Oxy-salts, Sulpho-salts, 

Na^SnOg Disodium stannite. Na.,SnS., Sodium sulphostannite, 

Na^SnOg Disodium stannate. Na^,SnSg Sodium sulphostannate. 

KgAsOg Tripotassium arsenite. Ka^AsSg Potassium sulpharsenite. 
Nia^AsO^ Trisodium arsenate. Na^AsS^ Sodium sulpharsenate. 

KSbOj Potassium metantimonite. KSbO.^ Potassium metasulphantimo- 

nite. 

KSbOg Potassium metantimonate. KSb 03 Potassium metasulphantimo- 

nate. 

Treat another portion of the above SH^ precipitate with XaHO 
or KHO and filter off. A black residue is likewise left, and on 
adding dilute HCl to the filtrate, As^Sg, SbgSg, Sn8, and SnS^, are 
reprecipitated. 

This shows that the hydrates of the alkali metals dissolve a portion 
of the sulphides precipitated by SH.^. The following equations ex- 
plain the action of the alkaline hydrates : 

Sb,S3 -H GKHO - KgSbSg 4- K^SbOg + 

AsgSg -H 4KHO - Hk^AsSg -f HK.AsOg 4- OH,. 

2SnS + 4KHO = K,SnS, + K,SnO, + ’JOll,, 

2SnS, 4- 4NaHO = XXSnSg + Xa.SnO^ + OH, -f SH,.! 

These may be called mixed reactions. 

Addition of hydrochloric acid reprecipitates the sulphides, thus : 

KgSbSg + KgSbOg 4- 6HC1 = Sb.Sg + OKCl aOH,. 

Hence the metals which are precipitated by SITj, in Group II. can 
be subdivided by means of ammonium sulphide or sodium or potassium 
hydrates into — 

A. Metals whose sulphides act as sulpho-bases — viz., the sulphides 
of Hg, Pb, Bi, Cu, and Cd. These are insoluble in ammo- 
nium sulphide (HgS dissolves to some extent in potassium 

I w some cases hydrogen j^rsulphide, H^S*, the analogue of H„0„, is formed. 
^ T Sog IS given off in this reaction. As excess of NaHO is always used, 
it may be represented : 

2SnS* + 5NaHO = Na,SnS, + Na^nO, + 20Hj, + NaHS. 
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or sodium sulphide ; CuS is somewhat soluble in ammonium 
sulphide). * 

B. Metals whose sulphides act as sul{>ho->acids — ^viz., the sulphides 
of As, Sb, Sn (Au, Pt). 

Group II. Subdivision A. 

1. MERCURY, Hg".— Occurs native, but is chiefly obtained 
from cinnabar or mercuric sulphide, HgS, by heating with lime or 
iron turnings in a distilling apparatus or retort. The element is 
liquid at ordinary temperatures and down to about — 40° 0., at which 
temperature it crystallises. Both the solid and liquid states exhibit 
a metalline lustre and colour like silver. It is somewhat malleable 
whilst solid. It has an atomic weight of 199*71, generally taken 
as 200. Specific gravity = 13*55 in the liquid and 14*19 in the 
solid state. The solid melts at- 38*50° O. and boils at 357*25° O. 
under a pressure of 760 mm. It does not tarnish appreciably in the 
air, but is very slowly oxidised when gently heated to about 
300° C., in an atmosphere of oxygen. Ozone acts more rapidly and 
at low temperatures. Nitric acid acts readily upon it, even when 
cold. Sulphuric only when heated and strong. Hydrochloric acid 
or alkalies have no action. It combines energetically with chlorine, 
bromine, iodine, and sulphur, also with sodium and potassium 
and most other metals, excepting iron and platinum, forming 
amalgams. 

EXPERIMENTS. 

I. Mercury heated in the open tube boils, evaporates, and condenses again 
in very small globules on the cool part, forming a mirror. After heating for 
some hours in air the surface lustre becomes less, but no appreciable oxida- 
tion takes place in the short time of an experiment. 

II. Heated with sulphur, a black solid is formed which sublimes black. 
On rubbing with a hard substance it becomes somewhat reddish. It is HgS. 

III. HCl has no action. 

H2SO4, when boiling and strong, dissolves it, forming sulphate and liberating 
SO.,. Hg + 2H2SO4 = HgSO^ 4- 2H2O 4- SO^. Crystals are obtained on cooling 
the acid solution. 

Nitric acts most readily. Oxides of N are evolved and the nitrate, HgNOj, 
crystallises out .as the liquid cools. On heating this nitrate oxides of nitrogen 
are given off and HgO left, which also decomposes into Hg and O. 

Ammonia and alkalies have no action on the metal. 

IV. Iodine combines very readily. The Hgl2 formed sublimes yellow, 
generally, and becomes pink on rubbing. 

DRY REACTIONS. 

Add a little finely divided lead or zinc to a few globules of mer- 
cury on a watch-glass. The liquid metal mercury becomes thick and 
pasty by the combination with the solid metal lead or zinc. It is 
said to form an amalgam. The metallic surfaces must be quite 
clean or amalgams cannot form. Mixtures of metals, other than 
mercury, are called alloys. This property of mercury has received 
an important application in the extraction of gold and silver from 
poor ores by the so-called amalgamation process, in which the mercury 
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can be separated again by distillation, the gold or silver being left 
behind, ^ 

When cinnabar, HgS,is roasted in the air, the sulphur is oxidised 
to SO, and metallic mercury sublimes. 

Hydrogen and carbon, copper, tin, zinc, &c., reduce HgS at a 
high temperature, forming with the sulphur SH,, CS, (carbon di- 
sulphide), CuS, *c. The nativ e HgS is, however, best reduced by 
the action of strong bases, such as lime or soda. 

Mix a little cinnabar with dry sodium carbonate, and heat in a 
little tube, sealed up at one end, or blown into a small bulb. 
Metallic mercury sublimes and forms a miiTor in the cold part of 
the tube ; the sulphur is retained by the alkali metal. 

Mercury salts, when heated by themselves, out of contact with 
the air, volatilise or sublime, either without decomposition, such as 
HgBr^, HgCl,, Hg^CU, Hgl,, HgS, HgICX ; or they are decom- 
posed into oxide or metal as HgN^Og, the nitrate, wliich gives 
HgO + -f O. Salts of mercury with tixed acids as the phosphate 
or chromate, leave fixed residues of acid or oxide (Crj,03). 

Sulphates of mercury decompose on heating into SO^, HgO and O, 
and fi.nally metallic Hg. Carbonate into HgVj and CO., and finally 
metal. 

Probably the most delicate test for mercury is a piece of metallic 
gold, a coin, which becomes whitened by an exceedingly small amount 
of Hg. Bright metallic copper comes next in delicacy in showing 
this test. 

An amalgam of 4 parts of tin and 1 part of mercury is employed 
in the manufacture of lookin ^-firlasses. 

O ” 


REAC TIONS IX SOLUTION, 

Mercury forms two series of salts : mercurous and mercuric. 

In mercurous ^alts the element exhibits less extent of energy of 
combination than in mercuric salts. As, for instance, mercurous 
oxide, Hg, 0 , calomel, Hg^Clg ; and mercuric oxide, HgO, corrosive 
sublimate, HgCb. In the former case it is supposed that the metal 
is in some way combined with itself as Hg — Hg or Hg — Hg, whilst 

\/ I r 

O Cl Cl 

in the latter the whole extent of the energy of the mercury-atom is 
expended on the substance with which it is combined. 

Mercury readily dissolves even in cold nitric acid, forming mercu- 
rous nitrate, if the mercury is in excess, and mercuric nitrate, if the 
acid is in excess and hot. These salts have the composition — or can 
be represented as : 


^^2(^03)^ and Hg(N03)2 
Mercurous Mercuric 

nitrate nitrate. 

Mercurous oxide exhibits a tendency to combine with another 
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atom of oxygen, or, when exposed to heat, to part with one atom of 
mercury, and the remainder to become corfverted into mercuric oxide. 
Hence mercurous salts act as reducing agents. 

As mercurous chloride is insoluble, the reactions of mercurous 
salts will be considered in connection with the reactions of silver and 
lead in Group I. 

In order to study the reactions of mercuric salts, a solution of 
mercuric nitrate, Hg(N03)2, or mercuric chloride, HgCl^ (corrosive 
sublimate), may be employed. Not many mercury salts are very 
soluble and few are really insoluble in water. 

SHg (group-reagent) added to HgCl^ gives a black precipitate of 
mercuric sulphide, HgS. The precipitation is marked by character- 
istic changes of colour. Accordingly as sulphuretted hydrogen water 
is added in small quantities, or the gas passed slowly through the 
solution, it produces at first a perfectly white precipitate, and on the 
addition of more SHg, a yellow precipitate Avhich passes through dirty 
yellow to brown, and becomes black only when excess of SH^ has 
been added to the mercuric salt. The white, yellow, or brown pre- 
cipitate is a varying mixture of HgS and HgCl,. HgS is insoluble 
in nitric or hydrochloric acid and in yellow ammonium sulphide, 
potassium hydrate, or potassium cyanide, soluble, however, in aqua 
regia and in potassium or sodium sulphide in the presence of sodium 
hydrate, but insoluble in their sulphydrates. Long digestion with 
concentrated nitric acid converts the black HgS into a white body, 
probably a compound of 2 HgS -h (?). It may only be a 

mixture however. 

Ammonium sulphide gives the same precipitate. 

NaHO or KHO added in excess produces a yellow precipitate of 
mercuric hydrate, Hg(H0)2 insoluble in excess. 

NH^OH produces a white precipitate, from the chloride, of mer- 
curic ammonium chloride, NH^Hg^Ol, known as white precipitate.” 

Sodium or potassium carbonates give a reddish-brown basic pre- 
cipitate. 

KI gives a bright red precipitate of mercuric iodide, Hgl^, soluble 
either in excess of potassium iodide or of the mercuric salt.^ 

* HgIo2KI. This is also known as a double salt, and is probably — 

K 


I— Hg— I 
\ Cl/ 

I 

K 


but no experimental evidence of this formula is to hand to date. The chloride 
HgCh also torms a crystalline compound with 2KC1, which may be similarly 
expressed ; 


Cl-K 

/ \ 


Cl— Hg— Cl 
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KGy gives with mei’curic nitrate (not the chloride) a white 
precipitate consisting of cf/anide and nitrate, soluble in excess, not 
decomposed by boiling with ’alkalies or alkaline carbonates, but only 
by SH,. 

Mei’curic salts are readily reduced to mercurous salts : 

SnClj (stannous chloride) gives with mercuric salts a white preci- 
pitate of mercurous chloride, Hg,Cl„ which, when boiled^with excess 
of the reagent, is reduced to grey metallic mercury. On pouring off 
the solution and boiling the grey precipitate with HCI, the mercury 
is obtained in little globules. 

FeSO^ (ferrous sulphate) I’educes Hg(N 03 ),, but not HgCl„ to the 
metallic state. 

Ou, Zn, Pb, Sn, Cd, and Fe precipitate metallic mercury from 
mercuric solutions, provided they are not too acid. They do not all 
act at the same rate. 

If a strip of bright metallic copper be employed, a silvery-white 
depo.sit of metallic Hg is obtained, which, when gently rubbed, shows 
a bright metallic lustre, and gives, after drying and heating in a dry 
and narrow test-tube, or bulb-tube (see Fig. 9. p. 91), a sublimate 
of metallic mercury. 

Mercuric salts are first reduced to mercurous salts, and finally to 
metallic mercuiy. 

LEAD. — Only a slight precipitate of PbS is for the most part 
obtained in Group II., since the greater part of the lead is removed in 
Group I. as PbCl,. It happens trequently that this small quantity of 
lead is not precipitated by iSH 2 , on account of the solution being too 
acid (HCI), or too concentrated, in which Ciise a little lead is found 
in Group III., and is often mistaken for some other metal. It is 
necessary, therefore, to dilvite a portion of the filtrate from Group II. 
considerably, and to pass a current of through, in order ta 

make sure of the presence of lead, especially so when lead has been 
discovered in Group I. ; and, if a precipitate be obtained, to pass the 
gas once more through the whole of the filtrate, after having diluted 
it considerably or even neutralised to some extent by adding 
ammonia. 

3. BISIMEITTH) JL5i''' and — This metal is principally found 
native ; also in combination with oxygen and sulphur, as bismuth 
ochre, Bi^Oj,, from the decomposition of bismuth glance, Bi 2 S 3 , and 
in the form of sulpho-salts, as kobellite, Bi^S^, ;JPbS, and needle ore, 
6 ^ 83 , 2PbS, Cu,S. 

The metal is highly crystalline, brittle, of a white colour, with a 
red tinge. Atomic weight, 257’52 ; specific gravity, 9*80 ; melts,. 
266"8, and boils between and 1450". 

It is not malleable at all but powders up easily in a mortar. 

Water and air have little or no effect at ordinary temperatures. 
It expands on solidifying from fusion similarly to ice. The metal is 
seldom employed in a pure state, but is much used for alloys whero 
fusibility is desired. 
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EXPERIMENTS^ 

I. Heated in tube in air. Rapid oxidation takes place, fine coloured films 
pass over surface of melted metal and a yellow or yellowish-red oxide forms. 
The oxide is very fusible and darkens on heating. 

II. Heated with sulphur combination takes place very readily to BisS,, a 
nearly black, crystalline but non-volatile substance ; it melts readily. 

III. Hydrochloric scarcely acts at any temperature. Sulphuric acts very 
slowly and only when concentrated. 

Nitric dissolves it most readily with evolution of fumes of oxides of nitro- 
gen, and formation of BiSNOg which crystallises readily when slightly evapor- 
ated in dish. Ammonia and soda have no action either on metal or oxide. 

The oxide dissolves readily in acids and the solutions give crystals on 
evaporation. All the salts are colourless unless the acid be coloured. 


DRY REACTIONS. 

Salts of bismuth are reduced with ease on charcoal by the blow- 
pipe, covering the charcoal with an incrustation of oxide, orange- 
yellow, while hot, lemon-yellow, when cold, passing at the edges into 
a bluish-white. The incrustation can be driven from place to place 
by either flame, without colouring the outer flame. (Distinction 
from lead.) Heated with borax or microcosmic salt, Bi^Oa gives 
beads which are yellowish, when hot, and colourless, when cold. All 
bismuth compounds can be reduced to the metallic state by heating 
on charcoal with sodium carbonate in the inner or reducing flame. 
The metallic bead is brittle. (Distinction from lead and silver 
beads.) 

REACTIONS IN SOLUTION. 

Bismuth dissolves readily in nitric acid, forming Bi(N03)3. Other 
acids Imve little or no effect, and few real bismuth salts are known. 
(See its position in the Natural Series.”) 

SH^ (group-reagent) gives a brownish-black precipitate of bis- 
muthous sulphide, Bi^Sg, insoluble in dilute acids, in alkalies, and in 
alkahne sulphides ; soluble in concentrated nitric acid. 

Alkaline sulphides give the same precipitate. 

KHO, NaHO, and NH^OH produce a white precipitate of bis- 
muthous hydrate, Bi(OH)3, insoluble in excess. 

Alkaline carbonates throw down a white bulky precipitate of basic 
carbonate (BiO)2C03, in which the compound radical bismuthyl, 
BiO, takes the place of hydrogen. The precipitate is insoluble in 
excess. 

KgCr^Oy gives a yellow precipitate of basic chromate (Bi0)3Cr307, 
readily soluble in dilute nitric acid, insoluble in potassium hydrate. 
(Distinction from lead chromate.) 

HgSO^ gives no precipitate. (Distinction from lead.) 

KI produces a brown precipitate of bismuthous iodide, Bilg, 
soluble in excess to a reddish solution. 

KOy produces a white precipitate, insoluble in excess, soluble in 
acids. 

Bismuthous salts are decomposed by water, a basic salt being 
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precipitatod. Tho addition of an acid redissolycs the precipitate. 
This constitutes the most ^ characteristic retiction for bismuthous 
salts. The salt most readily precipitated is the chloride (BiClg). 
It can be prepared from the nitrate by precipitating the oxide 
fiist, and then filtering and dissolving the precipitate off the filter 
with hot dilute hydrochloric acid. Large excess of acid should be 
avoided. 

OH, gives with BiCl3 a wliite precipitate of bismuthous oxy- 
chloride, BiOCl, which is almost absolutely insoluble in \vater, but 
soluble in hydrochloric acid, from which it is I'eprecipitated on the 
addition of ammonium or sodium chloride. BiOCl is insoluble in 
tartaric acid. (Distinction from antimony.) 

Metallic zinc precipitates bismuth from its siilts. 

Bismuthous salts exhibit a strong tendency to form basic salts, 
showing that Bi is only a feebly positive element. 

Other oxides of bismuth in addition to Bi^O, are known, bis- 
muthic oxide or anhydride, Bi^, 0 - and Bi30- and Bi'O no doubt also 
exist. 

4 . COPPER^ Cu". — This metal is found native ; also in combi- 
nation with oxygen and sulphur, as red copper ore or ruby ore, Cii^O, 
as vitreous copper or copper glance, Cu^S, and indigo copper or blue 
copper, CuS ; more frequently as copper pyrites, Fe2S3,Cu2y, and 
variegated copper or horseflesh ore, Fe.,S3,;JCu,S, also as falil ore, 
bournonite, etc. ; in combination with carbonic acid, as basic car- 
bonate, malachite, CuC03.Cu(OH).„ and azurite, mountain blue, or 
copper azure, :2CuC03,Cu(0H)2 ; with sulphuric acid as blue vitriol, 
CUSO45OH2, with phosphoric acid, as phosphorocalcite, libethenite ; 
with arsenious acid, as tennantite ; with silicic acid, as dioptase, and 
others. 

Copper is extracted from its sulphides by a combination of oxi- 
dising and reducing processes. It is the only metal of a decided red 
colour. Its atomic Aveight = 0 . 4*17 ; specific gravity and melts 

atlO:)4"C. 

It is very tough and malleable, takes a fine polish, and is one of 
the best conductors of heat and electricity. Copper forms many 
alloys of great practical importance as difterent kinds of brass with 
zinc, and bronzes with tin and other metals. It enters also into the 
composition of many colours. 

On exposure to air, it oxidises very slowly at ordinary tempera- 
tures, but rapidly when heated to redness. Water has no action on 
copper at any temperature, but most acids attack it especially if 
exposed to air at the same time. Alkalies, including lime and 
especially ammonia, also act upon it under similar circumstances. 


EXPEKIMENTS. 

I. Heated in air a clean metallic surface changes through many colours, 
finally becoming black ; a black crust detaches, this is CuO ; it does not melt 
or change on further heating. 
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N.B. — A wire melts easily in the Bunsen flame, but it is difficult to melt the 
metal in an ordinary glass-tube. • 

II. With sulphur in tube it combines readily, forming a bluish-black mass 
which melts easily and is crystalline. It is CuS or partly CUjjS, depending on 
temperature. 

III. Hydrochloric acid does not act appreciably on copper, either cold or 
hot, when the metal has a clean surface. 

Strong sulphuric dissolves the metal when boiled on it, SO.^ gas escaping. 
CuSq^ is formed. Cu + 2 H,SO, = CuSO^ + SO2 + 2H2O. 

Nitric dissolves it rapidly, oxides of nitrogen being at the same time 
formed. The greenish-blue liquid on evaporation gives crystals of copper 
nitrate Cu2(N03), which are very soluble in water. 

Organic acids act only in presence of air or on oxidised surfaces. 

The.oxide as formed in (I.) dissolves quickly in the acids and gives a green 
solution with HCl, a blue with and a blue-green with HNOs. It also 

dissolves in ammonia, forming a deep blue solution. 

Soda, NaHO, does not dissolve it. 

IV. Metallic copper is acted upon by ammonia, in contact with air at 
same time ; the same blue compound as from the oxide is formed. The 
alkalies and also lime, CaHoOo, act on the metal in presence of air, a green 
basic carbonate being formed*. 

Solutions of chlorides or nitrates in presence of air, also corrode the metal 
somewhat rapidly. 

Organic acids, as acetic, CHgCOgH, also act somewhat rapidly on copper 
when air has access. A greenish coating forms. 

Unless the copper surface be absolutely clean, an action is observable in a 
few minutes on warming with many organic compounds even when air and 
water are absent. 


DKY REACTIONS. 

Copper minerals are very numerous ; and as many of them 
exhibit precisely similar blowpipe reactions, a knowledge of their 
physical character is indispensable to enable the student to dis- 
tinguish readily between them. Wet tests are, perhaps, most delicate 
for copper. 

The most characteristic dry reaction is that which copper com- 
pounds give, when heated in a bead of borax or microcosmic salt 
before the blowpipe flame. The bead is green whilst hot, blue on 
cooling. Most copper compounds, when heated on platinum wire in 
the inner flame, impart an intense green colour to the outer flame. 
All copper compounds are reduced when heated in the inner flame 
on charcoal, together with sodium carbonate and potassium cyanide, 
yielding red metallic scales or globules. Sulphides give off SO^, when 
roasted in an open tube, and leave CuO behind. Malachite or 
azurite gives off water and carbonic anhydride when gently heated in 
a tube. Blue vitriol loses water, sulphurous anhydride and oxygen, 
and leaves cupric oxide. Cupric phosphate, arsenate, and silicate 
fuse to coloured glasses. 


EXAMINATION IN SOLUTION. 

Hydrochloric acid in the presence of air dissolves copper slightly, 
forming Cu^Cl ^ ; nitric acid is the most active solvent for copper, 
forming cupric nitrate. Sulphuric acid (concentrated) dissolves 
copper, on heating. 
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The sulphate, nitrate, and chloride are soluble in water. 

Cuprous salts are most*!^ insoluble. 

SH, (gix)up-reagent) gives a brownish-black precipitate of 
hydrated cupric sulphide, CuS, insoluble in dilute acids; slightly 
soluble in yellow ammonium sulphide ; soluble with decomposition in 
nitric acid; completely soluble in potassium cyanide; insoluble in 
potassiiuu and sodium sulphides or caustic alkalies. CuS is rapidly 
oxidised to CuSO^ by exposure to the air; it is insoluble in hot 
dilute sulphuric acid. 

(NH^),S produces the same precipitate, somewhat soluble in 
excess, especially in yellow ammonium sulphide. 

NaHO or KHO gives a light-blue precipitate of cupric hydrate, 
Cu(HO)j. The precipitate turns black on boiling and becomes 
denser, losing some water of hydration. Three molecules of Ou(HO)j 
lose two molecules of OH, and leave 3CuO,OHj. In the presence 
of many organic substances such as grape sugar, tartaric, and a 
number of organic acids, especially di- and tri-basic acids and sub- 
stances of the nature of urea, N^H^CO, the precipitate dissolves to 
a deep blue solution, whence the whole of the copper is reprecipitated 
on boiling in the form of bright red cuprous oxide, Cu,0. 

Na^COg or K^COj produces a greenish-blue basic carbonate, of the 
composition OuC* 03 ,Ou(OH)g, carbonic anhydride being evolved. This 
precipitate is converted on boiling into the black precipitate of 
SCuO.OHj. It is soluble in ammonium hydrate to an azure-blue, 
and in potassium cyanide to a colourless fluid containing a soluble 
double cyanide, 0u(CN),2KCN.* 

Ammonium hydrate or its carbonates, when added in small 
quantities, produces a greenish-blue precipitate of a basic salt, which 
dissolves readily in excess of the reagents, and forms a magnificent 
azure-blue liquid — a blue which is perceptible if a solution contains 
only small traces of copper. The blue solution contains ammonio- 

( NH NH \ 

whence the black cupnc 

oxide separates on boiling with sodium hydrate and NH, escapes. 
This tendency of ammonia to combine with cupric hydrate induces 

* K 


N: C 



C:N 


i 

K 

+ The basis of this compound and perhaps all ammonio-compounds may 
be a substituted ammonia, ^j^*Cu + H^O, or a cupramine, hydrated when in 
combination or solution. 
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metallic copper to combine with oxygen even at the ordinary tem- 
perature when in contact with ammonia, ftrming a compound which 
is utilised in certain technical processed in connection with paper 
and celluloses. 

KCy gives a greenish-yellow precipitate of cupric cyanide, 
CuOyj, soluble in excess. SH^ produces no precipitate from this 
solution. 

K^FeOyg gives a reddish-brown precipitate of cupric ferrocyanide, 
CujFeCyg, insoluble in dilute acids, decomposed by potassium or 
sodium hydrate, with separation of 3CuO,OHg. Even in very dilate 
solutions of copper salts a brownish colour is produced — best seen 
by looking through a long layer of the solution. K^FeOy^ is another 
most delicate reaction for copper salts. 

Metallic zinc, or iron, precipitates metallic copper, especially in 
the presence of a little free hydrochloric acid. If a few drops of a 
slightly acidulated dilute copper solution are placed on platinum foil 
(the lid of a platinum crucible), together with a small piece of sheet 
zinc, the platinum becomes rapidly coated with a reddish film of 
metallic copper, visible even in the case of very dilute solutions, an 
equivalent quantity of zinc being dissolved. 

Copper resembles mercury in existing in combination in two 
forms ; or exhibiting two degrees of extent of combination energy 
with other elements expressed by the terms cuprous and cupric. 
For instance, it combines with oxygen to form an oxide, CuO, and 
one of half the oxygen content, Cu^O, and similarly with sulphur, 
CuS andCu^S, and with the halogens (CuClg and CugClg), &c. 

Some of the chemical energy of the copper atom is doubtless 
expended on itself or latent in cuprous compounds, e.g,^ G\i/) = 


Ou— Cu. 

\oX 


They are generally less stable under physical or chemical 


changes than cupric compounds. 

Cuprous oxide when treated with concentrated hydrochloric acid 
forms cuprous chloride, Cu^Cl,, which is colourless when pure. 
Other acids decompose it into metallic copper and cupric oxide, which 
latter dissolves in the acid as a cupric salt. Cuprous chloride, when 
moist or in solution, attracts oxygen very rapidly, and is a powerful 
reducing agent. It combines with CO, and is used in gas analysis 
for this reason. It is also a good reagent for some unsaturated low 
carbons as O^H^, acetylene and C^H^, ethylene, and others. 

Cuprous Compounds . — To a solution of cuprous chloride, Cu^Cl^, 
in concentrated hydrochloric acid, add 

OHg, a white precipitate of Ou^Clg is produced, because the diluted 
acid is not able to dissolve the salt.^ 

KHO gives a yellow precipitate of cuprous hydrate, Cu 2 (HO) 2 , 
insoluble in excess ; it attracts oxygen very rapidly, being converted 
into cupric hydrate. 

KI, in the presence of sulphurous acid or ferrous sulphate, 
precipitates from cupric salts greenish-white cuprous iodide, Cugl^, 


* This solution in HCl is undoubtedly a compound, CU2CI22HCI. 



78 


CADMIUM. 


soluble in excess of the iodide.* Both sulphurous acid and ferrous 
sulphate are reducing agents, which, by the absorption of oxygen 
from the cupric salts, ane converted into 11,80^ and Fe,(SO^)3, 
thus: 

(1) 2CuS0, + 2FeS0, = Cu,SO, + Fe, (80^)3. 

Cupric Cuprous 

sulphate sulphate 

(2) CU3SO3 + 2KI = CU3I3 + K,SO,. 

Cuprous 

iodide 

NH^SCy and a reducing agent, as H^,S03, forms white cuprous 
sulphocyanate, Ou^{SCyy^y insoluble in water, and not affected by 
dilute acids excepting nitric. In the presence of HjS03 this precipi- 
tate is very insoluble, and gives a good method of separation of copper 
from many other metals. 

5, CAI>iy[lTJ]y[, Cd''. Cadmium occurs in nature along witli 
zinc minerals and resembles that metal to some extent both in chemical 
and physical properties. It is not quite so crystalline as zinc, nor has 
it such a blue colour. 

Its atomic weight is 111*84. Specific gravitj^ 8*()(>. It melts at 
about 315' C., and boils at about 770"C. It can therefore be dis- 
tilled like mercury or zinc, and indeed is generally obtained from the 
first portions of zinc distillate in the extraction of that metal. It 
burns with a brown flame when heated in air or oxygen, but does not 
act very rapidly on watei*. Acids, especially nitric, dissolve the metal 
rapidly. Being less crystalline than zinc, it may be rolled or 
hammered at the ordinary temperature. Zinc requires heating for 
this purpose. Alkalies also dissolve it with evolution of hydrogen. 

Greenockite, CdS, is the only well-known caduiium mineral, but 
most zinc ores contain small quantities. It is employed in some alloys 
to induce fusibility. 

EXPERIMENTS. 

I. Heated in tube shows colours finally passing into brown ash or oxide, 
CdO, which does not melt or volatilise, but general!}' a little metal will volatilise 
and form a dark brown sublimate or mirror in the tube. The oxide formed 
on the surface on gently heating, below melting, adheres very closely. 

II. Sulphur does not unite very easily with cadmium when heated in the 
tube, but more easily than with zinc. 

On heating to the vapourising point combination take.s place very ener- 
getically, a beautiful yellow sulphide, CdS, being formed ; this body is rosy 
red when hot. 

III. Dilute warm hydrochloric, sulphuric, and nitric acids dissolve the 
metal and form colourless crystalline compounds which are not deliquescent. 
The acids when cold and dilute act but slowly. 

The oxide dissolves readily in the three acids. Ammonia also dissolves the 
oxide, but not very rapidly after it has been heated strongly. 

IV. Alkalies also dissolve the metal, but not so rapidly as is the case with 
zinc. 

^ This is another double salt, K— I 1 

Cu 

I 

Cii 

/ 

I 
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DRY REACTIONS. 

Cadmium compounds when mixed with sodium carbonate and 
heated on charcoal in the inner blowpipe flame, give a characteristic 
brown incrustation — i.e.j they are readily reduced to the metallic state; 
but the metal being highly volatile, is reoxidised on its passage 
through the outer flame. Cadmium is recognised with more diflSculty 
when it is in combination with zinc, as for instance in cadmiferous 
blende. By heating, however, a mixture of blende and sodium car- 
bonate and potassium cyanide for a few moments only on charcoal a 
slight brown incrustation is generally obtainable, before the zinc is 
volatilised. Cadmium oxide turns the bead of borax or microcosmie 
salt yellowish whilst hot, colourless when cold, but this is no use as a 
test when other substances are present. 

REACTIONS IN SOLUTION. 

Most ordinarily occurring cadmium compounds as sulphate,, 
chloride, iodide, nitrate, acetate, &c., are soluble in water, and all 
others are soluble in acids. They are mostly colourless. 

SHg (group-reagent) gives from dilute solutions a fine yellow pre- 
cipitate of cadmium sulphide, CdS, used as a permanent yellow paint,, 
insoluble in alkaline sulphides, caustic alkalies, or potassium cyanide ; 
insoluble in cold, but soluble in hot, dilute nitric and hydrochloric 
acids ; soluble also in dilute sulphuric acid. (Distinction from 
copper.) 

Hence the separation of cadmium by means of especially from 
acid solutions^ is frequently left either incomplete^ w is not effected at 
all^ in Group //., unless the ^precaution he taken of nearly neutralising 
the free acid with ammonia, before passing SH.^, as ivell as neutralising 
the mhieral acid as fast as it is liberated by the SH^, 

(NH4)2S, same precipitate. 

KHO, a white precipitate of cadmium hydrate, Cd(HO)2, in- 
soluble in excess. 

NH^OH, same precipitate, soluble in excess. 

Pure carbonate free from caustic alkali gives a white precipitate 
of cadmium carbonate, CdCOg, insoluble in excess. 

KCy gives a white precipitate of cadmium cyanide, CdCyg,^ 
soluble in excess. Sulphuretted hydrogen precipitates CdS from this 
solution. (Distinction from copper.) 

Metallic zinc precipitates cadmium from its solutions as a crys- 
talline powder, which assumes metallic lustre on rubbing with a hard 
substance. 


Separation of the metals of Subdivision A, Group II. — viz., mer- 
cury, lead, bismuth, copper, cadmium, whose sulphides' ‘are insoluble 
in ammonium sulphide or sodium hydrate. 

The precipitate produced by the group-reagent SHg, which is 
insoluble in ammonium sulphide or sodium hydrate, may consist of 

* See double cyanides. 
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all the five sulphides, or only of one, two, Ac. A pr^ipitate of a 
bri<'ht yellow colour, e.g., would be indicative of cadmium sulphide 
only. If the precipitate ie black, it is necessary to examine for all 

the five metals. , 

It has already been seen that the sulphides of the metals of this 

subdivision are — , „ , 

1st. Insoluble in alkalies and alkaline sulphides, and 
2nd. Insoluble in dilute acids, or nearly so ; but soluble in con- 
centrated acids. ^ N 1 * 1 * 

Concentz'ated nitric acid (free from chlorine), diluted with its own 
bulk of water, dissolves four out of the five sulphides — viz., PbS, 
BijSg, CuS, and CdS, with septii-ation of sulphur ; mercuric sulphide 
being completely soluble only in aqua regia. Hence by boiling with 
dilute nitric acid (in the absence of HCl) mercury may be separated 
from the other metals of subdivision A. Concentrated nitric acid 
converts PbS partially into PbSO^, by the simultaneous oxidation of 
the sulphur. HgS would be, therefore, found in the residue, as well 
as PbSO^ and S.^ Ihit the whole of the PbS can l>e converted into 
sulphate only by boiling with fuming nitric acid, and as hiad sulphate 
is slightly soluble in concentrated nitric acid, the lead would not be 
entirely removed as sulphate. This diliiculty is overcome by boiling 
the whole of the sulphides with dilute nitric acid, as mentioned, then 
diluting Avith Avater and adding dilute sulphuric acid and, lastly, 
Avhen cold, adding to the solution its own bulk of alcohol (methyl- 
ated spirit). If a residue is left it may be Avhite, indicative of the 
presence of PbSO^, or black, from the presence of HgS. Sulphur 
may also be left. The solution contains the metals Bi, Cu, Cd. 

Examination of the llesidue, — Lead sulphate dissolves leadily in 
certain salts, such as ammonium acetate or tartrate, also in strong 
HCl when hot. By treating the residue, therefore, with a concentrated 
solution of ammonium acetate, the PliSO^ is dissohed out. The 
absence of mercury compounds may be inferreil, if no black, but only 
a yellow, residue of sulphur is left, and if no mercury has been 
indicated by the reactions in the dry Avay. The presence of both 
lead and mercury should, hoA\'e\’er, in\'ariably be confirmed by 
special tests — viz., the lead by me-ans of potassium chromate, and the 
mercury by heating the dry residue in a bulb tube with dry sodium 
carbonate. 

Examination of the Solution , — It has been seen that NH^OH 
precipitates Bi(110)3, Avhich is insoluble in excess, whilst Cu(H0)3 
and Cd(HO )2 are likeAvise precipitated, but are soluble in excess. 
If a white precipitate be obtained on adding NH^OH, the inference 
is that bismuth is present. (Bhonld the lead not have been removed 
entirely, some Pb(HO )2 would be also precipitated.) The pre- 
cipitate is filtered oft' and well washed, then redissolved in a 
little hydrochloric acid, and precipitated by the addition of much 
water.t The aminoniacal filtrate is of a fine azure-blue colour, when 

* A little H 2 SO 4 is also formed. 

t Much water here means pouring the 3 or 5 ocw of solution into about 
500 cc. of water. 
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3 oppei' — even in small quantities — is present. If colourless, and 
if, by the addition of a fine yellow precipitate comes down, the 
inference is that no copper is present,* but only cadmium. If a 
black precipitate comes down, on passing the gas through the 
slightly acidulated (HCl) solution, the presence of copper and 
possibly of cadmium is indicated. These two metals can be sepa- 
rated either by means of ICCy (CdS being insoluble in potassium 
cyanide), or dilute sulphuric £icid (CuS being insoluble in hot dilute 
sulphuric acid). Filter again ; in the one case copper is left in 
solution, in the other cadmium. It is not difficult to identify these 
two metals by special tests. 

The separation of the metals mercury, lead, bismuth, copper and 
cadmium, is therefore based upon — 

1st. The insolubility of HgS in nitric acid. 

2nd. The formation of PbSO^, and its solubility in ammonium 
acetate. 

3rd. The insolubility of Bi(HO )3 in excess of ammonium hydrate. 

4th. The insolubility of CuS in dilute sulphuric acid, or its solu- 
bility in potassium cyanide, 

A tabular scheme for their separation is given in the Analytical 
Tables, Table II. 

Group II. Subdivision B. 

1. TIN, Sn" and — This metal is found in nature mainly in the 
form of tinstone or cassiterite, SnOg, sometimes combined with sulphur, 
as tin pyrites, SnSg (bell-metal ore). The metal is obtained by the 
reduction of its oxide, SnOg, by carbon. It is white with a slight 
yellow tint. Its atomic weight =fc 117*70 ; specific gravity, 7*29; 
melting point, 230*9'^ C. ; boils between 1450° and 1600° C. Soft, 
but does not mark paper like lead. Tin, although very malleable 
and ductile, is a very crystalline metal, as may be noticed when a 
piece of the metal is treated with a dilute acid — crystalline markings 
appear — or when a piece is bent, when a creaking, due to rupture of 
contact between crystal faces, is caused. 

Tin is much used alone and also to form alloys with Cu or Sb or 
Pb, also with Hg, Tin ‘^ware” is iron coated with tin: a super- 
ficial alloy only. 

The metal does not oxidise in air, excepting when heated to its 
melting point. Water has no action at ordinary temperatures, and 
dilute acids little, if any. Concentrated HCl dissolves it when heated 
or when in presence of platinum.^ Strong nitric acid converts it into 
metastannic acid. Alkalies also act on the metal, oxidising it, and 
then combining with the oxide, forming stannates. It exhibits two, 
if not three, stages or degrees of energy in its combinations with other 
substances ; for instance, oxides, SnO, Sn^Og, SnO^. 

* It may be remarked that it is extremely likely that a perfectly pure 
metal, even one ordinarily considered positive in chemical character, would 
be unacted upon by acids, the small amount of impurity in ordinary metals 
sufficing to set up a voltaic action under the influence of which they are 
iittacked more easily. 

r 
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EXPERIMENTS* 

I. Heated in tube in air ; ajter melting coloured dims pass over surface of 
globule. A grey ash forms which does not melt but becomes yellow-brown 
when hot. pale yellow when cold. It is SnOo. 

II. With sulphur combination takes place readily with beat evolution. 
The product is blackish, soft and fusible, crystalline inside ~ SnS. 

III. Hot hydrochloric dissolves tin, hydrogen escapes and tin chloride, 
SnC]^, is formed. On evaporating in dish white crystads may be obtained. 
A large quantity of water added to the crystals will produce a wdiite amorphous 
hydrated compound. 

Sulphuric has little or no action unless boiling, and then only slowly. 

Nitric acid acts violently, red gases escape and a white powder is formed 
which does not dissolve either in the acid or in water ; strong HCl dissolves 
it slowly. Oxide of tin prepared as in I, is almost insoluble in all acids. 
Strong soda, NaHO dissolves it to some extent. 

IV. Ammonia is without action on the metal or oxide. KHO and NaHO 
in concentrated solution act on the metal, hydrogen being slowly evolved. 
The presence of another metal, as iron or platinum, assists this solution in 
alkalies by forming a galvanic couple. 


DRY REACTIONS. 

When tin minerals are fused on chai'coal, with sodium carbonate 
and potassium cyanide, in a strongly reducing flame, they yield small 
globules of tin which are malleable, and the charcoal becomes 
covered with a white coating of SiiO,. If this white incrustation 
be treated ivith a solution of cobaltous nitrate, and strongly heated, it 
assumes a bluish-green colour, which is characteristic of "tin, but is 
not to be trusted to w’hen other metallic oxides are present. Insoluble 
stannic oxide, SnO^, or the native oxide, may also be fused with 
caustic potash in a silver crucible, and thn.s converted into potassium 
stannate, soluble in water ; or it may be rendered soluble by fusion 
on charcoal with 3 parts of sodium carbonate and 3 of sulphur, when 
sodium sulphostannate is formed, which is soluble in water, but 
is decomposed and precipitated as SnS^ by means of hydrochloric 
acid. 

By introducing into a borax bead — in which sufficient cupric oxide 
has been diffused to render the bead faintly blue — traces of a 
stannous compound and beating it in the reducing flame, the bead 
turns reddish-brown or forms a ruby-red glass, because of the reduc- 
tion of the copper compound to red cuprous oxide. 

Tinstone being insoluble in acids, must be fused with alkaline 
carbonates and a reducing agent, such as potassium cyanide, char- 
coal,^ or black flux (ignited Rochelle salt), when metallic tin is 
obtained. Tin dissolves slowly in hot hydrochloric acid ; readily in 
aqua regia with formation of SnCl^. Nitric acid converts tin intu 
metastannic acid, Sn50.(H0),j^, which by evaporation and ignition is 
converted into SnO,. Tin forms very few real salts. Its metallic or 
basic nature is but slight. It is, in fact, a member of the carbon 
group, and shows a greater tendency to form acid than basic com- 
pounds. All the members of this group form an oxide, MO,, which 
exhibits acid characters. * 

One atom of tin is capable of combining either with two or four 
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Utoms of chlorine^ &c. In stannous chloride, SnCl^, the metal exists 
as a dyad, and in stannic chloride, Snd., as a tetrad element. It 


is Capable of forming two series 
viz: 

Stannous compounds, 

SnClg Stannous chloride. 

SnO „ oxide. 

SnS04 „ sulphate. 

SnS „ sulphide. 


of salts, of oxides, sulphides, &c., 


Stannic compounds. 
Sn^Ch Stannic chloride. 

Sniv02 „ oxide (anhydride). 
Sni^Sg „ sulphide. 


Stannic acid, 1128003, combines not only with the strong alkali 
bases, OK^^, ONaj, but even with stannous oxide, SnO, to form 
stannates, e,g,^ K2Sn03, dipotassium sbannate ; SnSn03, stannous 
stannate. 


REACTIONS IN SOLUTION. 

A. Stannous compounds . — A solution of stannous chloride, SnCl,, 
is employed. 

SHg (group -reagent) gives a dark-brown precipitate of stannous 
sulphide, SnS, insoluble in ammonia ; nearly insoluble in normal 
ammonium sulphide, but readily dissolved in the presence of sulphur 
or by the yellow sulphide ; from this latter solution it is reprecipi- 
tated as yellow stannic sulphide, SnSg, on the addition of hydrochloric 
acid. It is also soluble in potassium or sodium hydrate, from which 
hydrochloric acid precipitates SnS unchanged. Soluble in boiling 
hydrochloric acid. 

(NH4)2S, gives the same precipitate. Soluble in large excess. 

KHO or NaHO gives a white bulky precipitate of stannous 
hydrate 2SnO,OIl2, soluble in excess to potassium stannite, KgSn02. 

Ammonium hydrate or carbonate, same precipitate, insoluble in 
excess. 

By far the most interesting reactions are based, however, upon 
the tendency of stannous salts to become converted Into stannic 
salts. SnCl2 combines directly with two more atoms of chlorine to 
become SnOl^, whereby the chemical affinities of tin for chlorine 
become satisfied. Stannous compounds may be viewed as un- 
satisfied bodies, which can deprive certain other bodies of chlorine, 
oxygen, &c. 

HgClg added to a solution of SnClg, produces first a white precipi- 
tate of mercurous chloride, HggClj, and when boiled with excess of 
SnClj, a greyish powder of metallic mercury. 

CUCI2 is reduced by SnOl^ to cuprous chloride, CujClg, with forma- 
tion of SnOl^. 

FOgClg yields two atoms of chlorine to SnClj, forming SnCl^, and 
leaving two molecules of FeCl,. The yellowish solution turns green 
or colourless. 

Potassium permanganate or dichromate solutions, in the pfesence 
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of an acid, become colourless and green respectively when SnCl, is 

added to them. ' ^ , i. ^ . v 

AuClj gives with SnOl^ a purple precipitate (purple of Cassius), 
which may be viewed as Au^ + 3SnO,. The change may be expressed 
thus : 


2AUCI3 + SSnCl^ + GOH3 = Au^ + 3SnO, + 12HCL 

This is a most delicate reaction, especially when the SnClg contains 
a little SnCl^. 

B. Stannic compounds , — A solution of stannic chloride, SnCl^, or 
bromide SnBr^ is almost the only form in which it can be employed 
for these tests. These compounds are decomposed by much Avater, 
so the solution must be fairly strong and have a slight excess of 
acid (HOI). 

SH^ (group-reagent) gives a yellow precipitate of stannic sulphide, 
SnS,, readily soluble in alkaline sulphides, potassium hydrate, boiling 
concentrated hydrochloric acid, and aqua regia ; soluble, although 
somewhat difficultly, in ammonium hydrate (distinction from SnS), 
and insoluble in ammonium hydrogen carbonate. 

(NH4)2S, same precipitate, soluble in excess. 

KHO or NaHO produces a white precipitate of stannic liydrate, 
HgSnOg, or stannic acid, which is completely soluble in excess, forming 
potassium or sodium stannate, soluble in hydiochloric acid. 

NH^OH precipitates the hydrate ; excess redissolves it but slightly. 
Tartaric acid prevents the precipitation. 

Soluble carbonates give the same precipitate. 

Stannic chloride furnishes an interesting c;ise of precipitation — 
viz., by means of neutral salts, such as sodium siilpliate, ammonium 
nitrate (in fact, most neutral salts). Metastannic acid, Ilj^Sn^O,,, is 
precipitated on heating, provided the solution of stannic chloride is 
not too acid, thus : 

SSnCl, + 20Na2SO, 4* laOIU = H^.Sn.O,. + 20NaCl 

+ 20NaHSO,. 

5SnCl, + 20NH,N03 + lOOH, = + 20NH,C1 

+ 2OHNO3. 

Metallic zinc precipitates from acid solutions of stannous or stannic 
chloride metallic tin in the form of gi*ey lamina^, or of a spongy mass 
which can be readily dissolved in hydrochloric acid, especially when in 
contact with a piece of platinum foil. Metallic iron produces no 
precipitate but reduces to a stannous salt. 

Metallic tin reduces stannic to stannous chloride, thus : 

SnCl^ + Sn =: 2SnCIg. 

Copper similarly ; 

aCu + SnCl, S1LCI3 + Cu.Cl^. 



ANTIMONY. MINERALS AND SALTSi 


85 


A solution of stannous chloride (containing hydrochloric acid) 
cannot be kept, when exposed to air, without changing to stannic 
chlorides and insoluble stannous oxychloride, Sn^OCl^, on account of 
the great attraction which stannous salts possess for oxygen, thus : 

(1) 2SnOI, + O = Sn,OCI, + CL. 

(2) SnOl, + Gig = SnCl^. 

Hence granulated metallic tin or pure tinfoil is usually put into 
stannous chloride solutions in order to prevent the oxidation, and an 
excess of free acid to prevent precipitation. 

2. ANTIMONY, Sb'" and — This metal is sometimes found 
native ; also in combination with oxygen as white antimony, Sb^Og, 
but more frequently as sulphide, Sb^Sg (grey antimony, stibnite), and 
in combination with other metallic sulphides (AggS, jPbS, CujjS), as 
sulphantimonite and sulphantimonate. 

Metallic antimony is eminently crystalline and of a bluish-grey 
colour. Its atomic weight = 119’6 ; specific gravity, 6'71. Melts at 
440° C., and boils between 1090 and 1450° O. It unites with most 
metals, forming hard and in most cases fusible alloys. It is, in fact, 
scarcely employed alone as a metal. It has also the effect of whitening 
its alloys when only present in small amount. 

Owing to its strongly developed cystalline character, it is a very 
brittle metal ; water and acids, with the exception of nitric, have 
little or no action at ordinary temperatures. It combines with oxgyen,. 
sulphur, and the halogens directly, and with considerable energy, in 
two degrees, forming two distinct classes of compounds. 


Antimon ious compounds^ 
SbClg, Antimonious chloride. 

SbgOg, ,, oxide. 

SbgSjj, ,, sulphide. 

HSbOo, Metantimonious acid. 


Antimonic compounds* 
SbCL, Antimonic chloride. 

Sb,0,, „ oxide. 

Sb,Ss, „ sulphide. 

HSbOg, Metantimonic acid. 


Both these acids can enter into combination with strong bases^ 
such as potash, or soda, to form weak salts — metantimonites and 
metantimonates, viz. : 

KSbOg, Potassium metantimonite. 

KSbOg, Potassium metantimonate. 

NaSb 03 , Sodium metantimonate. 

SbgO^ is formed when antimonic oxide (obtained by the action of 
nitric acid upon antimony) is ignited. This compound is of some 
importance, as it serves for the quantitative estimation of antimony. 


EXPEKIMENTS. 

I. Heated in air the metal melts readily and begins to give off white 
vapours, which condense on cooler parts of tube, A '"’^hite crystalline oxide 
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forms on and surrounds globule of melted metal. It is Sb.^Oj, which fuses to 
a yellow mass and begins to sublime at a red heat. 

II, Heated with sulphur, combination takes place easily, some of the 
product subliming to the upper part of tube by the heat evolved. The product 
is a reddish-black, especially the sublimate. 

HI. Hydrochloric acid has no action on the metal. Sulphuric, even when 
concentrated and hot, has only a very slow action. 

Nitric oxidises the metal to a white amorphous powder containing Sb^O, 
and SboOj, which is quite insoluble in nitric acid, but dissolves in some other 
acids and in soda. 

Soda dissolves both the oxide produced as in I., or the sulphides as in II. 
The metal is unaffected by either soda or ammonia. 

N.B. — If the melted globule obtained in I. be thrown out on to a large piece 
of paper it will break up, and the small globules will glow brightly and flow 
over the paper, leaving white and brown lines or streaks, partly oxide, partly 
metal, showing that both metal and oxide were in vapour. 

DRY REACTIONS. 

On heating metallic antimony or antimony mineral, e,g., grey 
antimony, with free access of air, either on charcoal or in a glass 
tube open at both ends, dense white fumes of antimonious and anti- 
monic oxides are given oft', which condense on the colder part of the 
charcoal or glass tube, thus : 

Sb,S3 + 90 = Sb,03 + SSO,. 

All compounds of antimony can be reduced to the metallic state 
when heated on charcoal with sodium carbonate and potassium 
cyanide. A brittle globule of metallic antimony is obtained, giving 
off dense white fumes of (even after the withdrawal of the 

metal from the flame), which thickly encrust the metallic globule 
with a network of brilliant acicular crystals. 

This is sometimes difticult to bring about, 

REACTIONS IN SOLUTION. 

Chlorine and bromine attack antimony violently, forming with it 
SbClg and SbBrg, or SbCL and SbBr., according to the proportions of 
halogen employed, and the temperature at which the combination 
takes place. Hydrochloric acid has no action upon the metal ; but 
aqua regia dissolves it readily to SbClg. Nitric acid converts it 
into a compound containing 8^03 and Sb^O^, insoluble in nitric 
acid, soluble in tartaric acid. Grey antimony, 8^83, as well as 
dissolves in concentrated hydrochloric acid with evolution of 
sulphuretted hydrogen, the latter sulphide with separation of sulphur. 

Two distinct classes of compounds exist. 

A. Antimonious compounds . — Antimonious chloride dissolved in 
a little HCl or tartar emetic, potassium antimony tartrate, also in 
dilute HCl, will give the under-mentioned reactions. There are 
scarcely any salts ” of antimony. 

SHg (group-reagent) gives an orange-red precipitate of hydrated 
antimonious sulphide, Sb^Sg, soluble in alkaline sulphides and in 
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potassium or sodium hydrate; reprecipitated by hydrochloric acid; 
slightly soluble in ammonium hydrate ; alh but insoluble in hydrogen 
ammonium carbonate and in hydrogen ammonium or hydrogen potas- 
sium sulphites. It dissolves in boiling concentrated hydrochloric 
a.cid. 

Temperature and concentration of the reagents produce reciprocal 
effects.* In a dilute hydrochloric acid solution the SbClj exchanges 
its chlorine in the cold for sulphur with SH^, Sb^Sj being precipi- 
tatedy whilst boiling concentrated hydrochloric acid dissolves Sb^S, 
readily with evolution of SH^. 

produces the same precipitate as SH^, soluble in excess. 

KHO or NaHO precipitates antimonious oxide, Sb,03, readily 
.soluble in excess, with formation of potassium antimonite. 

NH^OH, same precipitate, almost insoluble in excess. 

Soluble carbonates, the same precipitate. 

OHg decomposes SbClg, forming a white insoluble basic salt, 
antimonious oxychloride, SbOCl, soluble in tartaric acid. (Distinc- 
tion from bismuthous oxychloride, BiOCl.) Water, therefore, gives 
no precipitate with a solution of potassium antimonyl tartrate 

CO K 

{tartar emetic) C.^H2(OH)2 alkalies and alkaline car- 

bonates produce a partial precipitation only after some time. 

Metallic Zn, Cu, Cd, Fe, Al, Sn, and Pb precipitate the metal in 
the absence of free nitric acid as a black powder. Some SbHj is liable 
xo be formed. 

A rather delicate reaction for antimony consists in precipitating 
the metal from a dilute hydrochloric acid solution on platinum foil 
or on the lid of a platinum crucible, by means of a small strip of 
metallic zinc. H and SbETg (antimonietted hydrogen) are evolved, 
and the platinum is stained brown or black by the deposited metal. 
Mere traces of antimony can thus be discovered. The stain is little, 
if at all, affected by hot dilute hydrochloric acid, but disappears on 
beating with nitric acid. (Tin gives no black stain on platinum.) 
The finely divided metal, as precipitated by zinc, is more readily acted 
upon by acids than when in a compact state. This is a general 
property, however. 

Compounds containing triad antimony exhibit a tendency (less 
marked, however, than in stannous compounds) to combine with 
more chlorine, &c., and to pass into antimonic compounds. 

The following are some of the reactions naturally arising from 
this tendency of antimonious compounds : 

When a current of chlorine gas is passed over solid SbClj, 

* These are mostly mass reactions. The student’s attention might have 
been drawn to them sooner. As a rule, perhaps when more is known, without 
•exception, chemical reaction is a reversible cycle. 

a M" + nH.O = + M”0 + n - IH^O. 

b M"0 + nH^ = M" + H^O + n - 2H. 

For the completion of each of these equations, it requires that n must 
have a considerable value. 
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chlorine is absorbed ; the trichloride liquefies, forming penta- 
chloride : • 

SbCJ,*’ + Cl, = SbCl, 

Solid Liquid 

antimonions antimonic 

chloride chloride. 


Sodium metantimonite, NaSbO,, is oxidised in the presence of 
sodium hydrate, by free iodine, with formation of sodium metanti- 
monate, NaSbO, and Nal, thus : 

NaSbO, + I, + 2 NallO = NaSbO, + 2NaI + OH,. 

A hydrochloric acid solution of SbCl, reduces AuCl, to metallic 
gold (frequently with separation of HSbOj), thus : 


SSbClj + 2AuCl, = OSbCl, + Au,. 

Sodium metantimonite is oxidised in an alkaline solution bv 
argentic oxide, OAg,, to sodium metantimonate, a lower oxide of 
silver or perhaps metallic silver^ being foimed, which is insoluble 
in ammonium hydrate, OAg,, being readily soluble. (Distinction 
between Sb^Oj and Sb,Oj.) 

The several reactions may be expressed .as follows : 

(1) SbClj + 4NairO = NaSbO, + dNaCl + 2011,. 

Sodium 

metantimonite 


(2) 2 AgN 03 + 2NaH0 = OAg, + 2 NaN 03 + OH,- 

Argentic oxide 
(insoluble in NaHO, 

.soluble in 


(3) NaSbO, + 20Ag, = NaSbO, + OAg^ 

Black argentous 
oxide (?) (insoluble 
in NH,OH). 

NajSjO, (sodium thiosulphate) precipitates Sb,S„, thus : 


3Na,S,03 


+ f^b ,03 = Sb,S, + 3Na,S0, 


3 ? 

ail 


B. Antimmiic Potassium metantimonate, KSbO 

may conveniently be employed for studying the reactions in 
aqueous solution. 

This salt is p-epared by fusing metantimonic acid, HSbO„ with a 
large excess of KHO, in a silver crucible, or by deflagrating finely 
powdered metallic antimony with a mixture of potassium nitrate and 
carbonate in a porcelain crucible, and dissolving the mass in cold 


pcunS^^Sfhoug^ ^^ortVa^bee^Ze 5?th1h^ 
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HSbOj fused with caustic soda gives sodium metantimonate^ 
which is insoluble in water, or nearly so. » 

KSbO, is readily decomposed by concentrated acids (hydrochloric 
or nitric), metantimonic acid being precipitated. It dissolves in 
excess of warm dilute HCl. 

SHj gives from a solution of HSbOg in excess of hydrochloric 
acid, an orange precipitate of antimonic sulphide, Sb^S^, mixed with 
SbgSj and S ; soluble in alkaline sulphides, readily soluble in ammo- 
nium or potassium hydrate ; also soluble in boiling concentrated 
hydrochloric acid, with evolution of SH^ and deposition of S ; only 
very sparingly soluble in cold hydrogen ammonium carbonate. 

(NH 4 ) 2 S, same precipitate, soluble in excess. 

Ferrous sulphate does not reduce antimonic compounds. 

Antimonic compounds, like stannic salts, can, under certain con- 
ditions, act as oxidising agents, e.g. : 

On igniting antimonic anhydride, it splits up into Sb^O^ and 
oxygen. 

SnClg precipitates HSbO^ from a hydrochloric acid solution of 
HSbOg, the SnCl^ being converted into SnCl^. 

On boiling a solution of HSbOg in hydrochloric acid, whereby 
some SbOl- is produced, with potassium iodide, iodine is liberated, 
colouring the solution brown. Iodine is set free because SbCl^ on 
being heated with KI behaves thus : SbCL + 2KI = 2KC1 + 1^ + SbCJg. 
The liberated iodine is readily recognised by means of the starch 
reaction.^ (Distinction between antimonious and antimonic com- 
pounds.) 

SbClg is useful in a number of cases as a conveyer of Cl to organic 
bodies. 

3. ARSENIC, As"' and — This body is very widely distributed 
in small quantities in nature in a state of combination. It is sometimes 
found native, but exists most frequently united with sulphur as 
realgar, As^S^, and as orpiment, As^Sg, or arsenious sulphide (sulphar- 
senious anhydride) ; with metals it exists in arsenical nickel, As^Ni, 
copper nickel, As^Nig, and in smaltine, As^Co. Arsenic acts generally 
more like a metalloid than a metal. Metallic arsenides are frequently 
found in combination with metallic sulphides, such as the sulphides 
of Ag, Fe, Ni, Co, Cu, &c., as in the common mineral mispickel, or 
arsenical pyrites, FeASg, FeSg, in nickel glance or grey nickel ore, 
NiAs^jNiSg, and in cobalt glance, CoAs^jCoSg. Arsenic occurs also in 
the form of metallic arsenates, such as calcium, magnesium, nickelous, 
cobaltous, lead arsenates ; for example, in the mineral pharmacolite, 
CagASgOyjGOHg (calcium pyrarsenate), in nickel ochre, Ni3As308,90IIg, 
in cobalt bloom, CogAsgOgjSOHg, and in mimetesite, SPbjASgOgyPbClg. 

Metallic arsenic is highly crystalline, of a dark grey colour, and 
exceedingly friable. Its atomic weight = 71*9 ; specific gravity, 5*73. 
It does not melt before volatilising at the ordinary pressure, but 

* See test for iodine with starch paper or starch paste due to a supposed 
compound of iodine and starch. 
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undor considerable pressure appears to melt at a red heat* It passes 
into vapour slightly at al? temperatures and sublimes in crystals ; 
distils readily at 449-^450° C. It oxidises on exposure to air super- 
ficially, and also on contact with water slowly. Acids have no action 
upon it in the sense of forming salts. Nitric acid oxidises it to 
arsenic acid. Other substances containing oxygen also attack it. 
Alkalies dissolve it, hydrogen being liberated. It combines directly 
with sulphur and the halogens, in addition to oxygen, in two degrees, 
forming arsenious and arsenic compounds. All these compounds are 
volatile, mostly without decomposition. It alloys, or unites, with 
most other metals, and imparts hardness, fusibility and brittleness, 
even when in small quantity.* 

Traces of arsenic are almost invariably found in commercial S, Fe, 
Cu, Zn, Sn, H, H^SO,, and HCl. On account of the solubility of 
its oxides, arsenic is found in some mineral waters and in the deposits 
from them. 

Arsenic, as element, is scarcely employed, but a number of alloys 
contain it. Its compounds, both with oxygen and sulphur and salts 
of the acids it forms, are v’ery largely used. 

In its chemical nature it show’s a strong resemblance to phosphorus 
and less distinctly to nitrogen. 

EXPERIMENTS. 

I. Heated in the tube (N.B. a very small particle only to be used), the metal 
gives off vapour, part of which is condensed on the upper cool end of 
tube. A white ring, and generally also a black or brown ring, is formed 
alongside, but nearer the heated part of tube. A very unpleasant odour is 
perceptible whilst the substance is vaporising. The white ring is generally 
cryst^line, As.^Og ; it dissolves in hot water. The brown ring is dull and 
amorphous, and the black one is shining, but not distinctly crystalline. 

II. Heated with sulphur a yellow-red substance is immediately formed 
which sublimes very easily from one part of tube to another. It is darker 
whilst hot than when cold. It is a sulphide, and may be As^Sg, or As.S.,, 

III. Acids have no solvent action. Nitric acid oxidises it to As *203 or 
ASoO., which dissolve slightly. 

Ammonia has no action on the metal, but dissolves the oxide from I. or 
from HI., and also the sulphide in II. Alkalies, KHO and NaHO, dissolve 
the metal with evolution of hydrogen ; the oxides and sulphides also dissolve 
in alkaline solutions. The hydrogen evolved is not pure, but contains always 
-some AsHj ; great care must be taken not to breathe this, 

DRY REACTIONS. 

Ar^nic can be completely volatilised. When heated in contact 
with air, either on charcoal or in an open tube, it burns and forms 
arsenious anhydride, As^Oj, which gives a peculiar fume and coloured 
flame and most characteristic odour, i" Arsenical compounds give 
the same indications when heated by themselves on charcoal in the 

* The effect of arsenic in small quantity on metals is probably due to the 
formation of arsenides, which are then retained on the excess of metal as a 
sort of solid solution. 

t The odour of arsenic vapour is said to resemble that of garlic. They 
are somewhat alike. 
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# ^ 

reducing flames and on the addition of sodium carbonate and potassium 
cyanide, whether the arsenic be preseni as arsenite or arsenate. 
The blowpi^ experiments should be performed with great caution, 
since arsenical fumes are poisonous. The reaction being so very 
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delicate very small quantities only of the substance need or should be 
operated upon. 

When arsenical compounds are heated in a bulb-tube, Fig. 8 
or 9, mixed with a proper reducing agent (such as sodium carbonate 
and charcoal powder or black flux),* metallic arsenic sublimes and is 
deposited in the shape of a lustrous 
steel-grey mirror, 6, in the upper 
part of the tube. 

AS2O3, and some arsenites, when 
heated with a carbonate as CaCOg, 
calcium carbonate, or K^COg or 
Na^COg, give a sublimate of metallic 
arsenic along with some oxide. The 
whole of the arsenic present as 
arsenite is not given off*. 


REACTIONS IN SOLUTION. 

Chlorine attacks arsenic vio- 
lently, forming a highly poisonous 
and volatile liquid, arsenious chlo- 
ride, ASCI3. Hydrochloric acid does 
not act upon arsenic; nitric acid 
oxidises it to arsenious and arsenic 
acids, according to the concentration 
of the acid. 

Arsenic forms two oxides, sul- 
phides, &c,, and two well charac- 
terised series of salts, arsenites and 
arsenates, as well as arsenides. Fig. 9. 

* See Reagents, Appendix. This reagent should be a mixture.of soda- 
lime and charcoal in fine powder. It then answers for Hg, NH^, As, and Cd 
compounds. Rlack flux, made by igniting Rochelle salt, is still better as a 
reducing agent. 
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A. Arsmiaus compounds . — A solution of arsenious anhydride, 
ASjOj, in dilute hydrocKoric acid, or an aqueous solution of an 
arsenite, K3ASO3 (potassiunl arsenite), will give the reactions. 

SHj (group-reaction) produces in an acid solution, esj^ially on 
gently heating, a lemon-yellow precipitate of arsenious sulphide, As^Sg, 
readily soluble in caustic alkalies, in alkaline carbonates and sulphidej^, 
forming alkaline arsenites and sulpharsenites ; it is reprecipitatetl 
from any of these solutions on the addition of dilute hydi’ochloric or 
other acid. It is almost insoluble in concentrated hydrochloric acid 
even on boiling ; but soluble in nitric acid. On digesting freshly 
precipitated arsenious sulphide in a solution of hydrogen potassium 
sulphite, HKSO3, excess of sulphurous acid, the yellow precipi- 
tate is dissolved, and the solution contains potassium metarsenite and 
potassium thiosulphate, after driving off the excess of sulphurous 
acid by evaporation, thus : 

2 As^Sg + 1 GIIKSO3 = IKAsO, 4- iy K AO3 4- -f TSO^ 4- HOII,. 

(NH^)2S, same precipitate, soluble in excess. 

AgNOg produces from a solution of a neutral arsenite, or from a 
solution of AS3O3 in water, rendered neutral by cautiously adding 
ammonium hydrate, a yellow precipitate of silver arsenite, AggAsOg, 
readily soluble in ammonium hydrate, ammonium chloride or nitric 
acid. The ammoniacal solution of AggAsOg and OAg^, is decomposed 
on boiling, with separation of metallic silver and formation of silver 
arsenate, AggAsO^, thus : 

= Ag,AsU, 4- Ag,. 

Soluble in Soluble in Soluble in Illack 
NH^OH XH^OH NH^OH precipitate 

OuSO^ produces a characteristic yellowish-green precipitate of 
hydrogen cupric arsenite, IICuAsOg (Scheele s green), from a solution 
of tripotassium arsenite, readily solulde in ammonium hydrate,^ 

ammonium chloride, or nitric acid. 

Magnesium sulphate gives no precipitate in the presence of ammo- 
nium chloride. 

Reinsch^s test. — Arsenious oxide and most of its compounds 
dissolve in HCl, especially when concentrated, AsClg being formed. 
On placing a perfectly clean piece of metallic copper into thi^ 
solution and warming, a grey deposit forms on the copper. This 
consists of arsenic or a compound of As and Cu ; Cu-As^. In a con- 
centrated solution the deposit may be black in colour, and will peel 
off from the copper surface. Aniimony is precipitated under similar 
conditions, so it is necessary to confirm 1 his indication by taking the 
piece of copper which has become coated by the supposed arsenic film 
out of the acid solution, drying it by gentle pressure between 
blotting-paper, and then introducing into a perfectly dry test-tube, 
and gently heating over a lamp. If arsenic is present a sublimate 
of arsenious oxide in white crystals will form in the cooler portions 
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of the tube. In the case of large quantities some arsenic will 
sublime unoxidised, and form a brilliant black or brown film on the 
glass surface. • 

Arsenious compounds exert a powerful reducing action, when 
brought in contact with bodies capable of parting with oxygen, 
chlorine, &c. This property is more marked in arsenious than in 
antimonious compounds. 

AuOlg (auric chloride) produces from an acid solution of As^Og a 
precipitate of metallic gold, and the reaction is so exact ^ that the 
amount of arsenic can be determined quantitatively from the weight 
of the precipitated gold : 

4AUCI3 + 3ASP3 + I5OH2 = GH3ASO, + 4 Au + 12 HC 1 . 

Chlorine water or compounds capable of yielding chlorine, such as 
a solution of bleaching powder, or of sodium hypochlorite, NaOCl 
(Eau de Javelle), oxidise ASgOg rapidly, thus : 

Asp^ + 2OI3 + 5OH3 = 2H3ASO, + 4 HC 1 . 

Iodine, dissolved in a solution of potassium iodide, converts a 
solution of AS2O3 in excess of hydrogen sodium carbonate into As^O^, 
with formation of an alkaline iodide, thus : 

HNa, ASO3 + 2HXaC03 + I, = HNa.,AsO, -f 2 XaI + OH^ + 2CO2. 

Chlorine, iodine, and bromine act as oxidising agents by decom- 
posing water or a metallic oxide or hydrate. They form, with the 
hydrogen, HCl, HI, HBr, or with a metal the corresponding haloid 
salt, and the oxygen is transferred to the AS2O3. 

Cupric oxide, or cupric salts, in the presence of potassium hydrate 
also oxidise. On adding to a strongly alkaline solution of tripotassium 
arsenite a few drops of cupric sulphate, and warming gently, the blue 
solution deposits a red precipitate of cuprous oxide, Cu^O, and leaves 
tripotassium arsenate, in solution, (Distinction between 

AS2O3 and ASgO^). 

The deoxidising action which arsenious compounds exert upon the 
higher oxideo of chromium and manganese has already been described. 
(See Chromium and Manganese.) 

B. Arseiiic compounds . — An aqueous solution of tripotassium 
arsenate K3AsO^, is employed. 

SH., gives scarcely any precipitate from an acidulated solution 

* All chemical reactions are of course exact under proper conditions. 
Where a reaction is spoken of as partial^ either the physical conditions are 
not completely known, or more than one path is open for the chemical action 
to proceed along, and under one condition of temperature it may run more in 
one direction than another. In many known cases reactions can be reversed 
by a considerable change of temperature. 
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of KjAsO^, until the solution is heated, and a current of gas 
passed through for some time. It is difficult to effect complete 
precipitation even then. ' The precipitate consists of arsenious 
sulphide and sulphur. It is preferable to reduce the As^O^ first 
to As O , by a more powerful reducing agent than SH,, for example 
by sulphurous acid : KjAsO^ + H^SOj = KjAsO^ -h after which 

sulphuretted hydrogen precipitates the arsenic readily as arsenious 
sulphide. 

AgNOg gives a reddish-brown precipitate of triargentic arsenate^ 
AggAsO^, sokible in ammonium hydrate and in nitric acid. 

CuSO^ produces a pale greenish-blue precipitate of hydrogen 
cupric arsenate, HCuAsO^, soluble in ammonium hydrate and nitric 
acid. 

MgSO^ in the presence of ammonium chloride and ammonium 
hydrate, gives a white crystalline precipitate of ammonium magne- 
sium arsenate, NH^MgAsO^. (Distinction of As^O^ from xVs^Og.) 

viFCgClg gives a yellowish- white precipitate of ferric arsenate. 

Lead acetate gives a white precipitate of lead arsenate, PbgASgOg. 

(ammonium molybdate) with excess of nitric acid, 
gives a yellow precipitate of ammonium arseno-molybdate. This 
precipitate closely resembles the phosphate one. 

Metallic copper does not precipitate metallic arsenic from dilute 
acid solutions of As^O^; but on adding concentrated hydrochloric acid, 
and heating, a grey film of As.^Cu., is obtained. (Distinction between 
ASgOg and As^O..) Some chloifine is liberated and then attacks the 
Cu forming copper chloride. 

Arsenic as well as arsenious compounds are capable of oxidising 
some other bodies, and become themselves reduced either to a lower 
stage of activity or to arsenic. 

Sulphurous acid reduces arsenic acid to arsenious acid. 

Sodium thiosulphate deprives arsenious acid of its oxygen, and 
converts it into As^S^, thus : 

2As(HO)3 + 3NagS203 - As^Sg -f :3Na,SO, -h SOH^. 

AsgOg or AsgO, can be detected in solution by the reducing action 
of hypophosphorus acid, HPO^, along with SO^ the arsenic becoming 

To the arsenic solution one or two drops of PClg (or a little PI3)^ 
or hypophosphorus acid itself, is added and then a few bubbles of 
SO3 gas sent through. On warming a yellow precipitate of As^Og, 
sometimes with a little sulphur, appears. 

Carbon at a red heat removes the oxygen from both oxides of arsenic, 
— A fragment of arsenious anhydride (white arsenic) is placed in the 
pointed^ end, a, of a hard glass tube drawn out before the blowpipe, 
as seen in Pig. 10. A splinter of well dried charcoal is next placed in 
the narrow part of the tube at 6, somewhat above the fragment of 
the arsenical compound. This charcoal is heated over a gas flame or 
the fiame of a spirit lamp. When the charcoal is well ignited a second 
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flame is applied to the lower end of the tube, in order to volatilise 
the arsenical compound, the vapour of which, on passing over the 
glowing charcoal, is deprived of its oxygen, and metallic arsenic is 
deposited in the form of a shining black mirror on the inside of tho 
tube, above the charcoal at c. The end reaction may be : 

2AS3O3 -h 60 = As^ -H GOO,. 

This test is very delicate. Arsenic, in arsenites or arsenates, is 
liberated by mixing perfectly dry charcoal powder, or soda-lime 
charcoal, with the dry 
substance, previous to its 
introduction into the 
tube, which may have a 
small bulb blown at its 
lower end. The subli- 
mation of metallic arsenic 
is accompanied by the 
characteristic garlic-like 
odour. 

KCy reduces arsenical 
compounds — oxides as 
well as sulphides — with 
formation of potassium cyanate or sulphocyanate. A mixture of 
potassium cyanide with the arsenical compound is heated in a bulb- 
tube, a (Fig. 11). Metallic arsenic is deposited at 6. 

The changes are expressed as follows : 

AsgOj + GKCy = GKOyO + As^. 

Potassium 

cyanate - 

2As,S 3 -f GKCy = GKCyS -f- As,. 

Potassium 

sulphocyanate 

But since commercial potassium cyanide contains potassium cyan* 
ate, as well as potassium carbonate (its composition may be expressed 
as oKCy + KCyO + xK^COj), a portion only of the arsenic in As^S, is 
obtained in the metallic 
form, and a sulpharsenate 
is formed which is not re- 
duced by potassium cyanide. 

On mixing the arsenious 
sulphide with sulphur, the 
whole of the arsenic re- Fio. 11. 

mains behind in the fused 

mass, as sulpharsenate, and no metallic deposit is obtained. (In the 
presence of sulphides of Pb, Cu, Ag, Au, Ni, Co, Fe — as, e.g., of FeS^ 
in arsenical pyrites, NiS,, in nickel glance — which are reduced to the 
metallic state by the action of potassium cyanide, scarcely any ^enical 
mirror is obtained, because the liberated metallic arsenic would 
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immediately alloy itself with the metals, a portion only of the 
arsenic being liberated.) These changes are expressed by the 
equations — 

(1) SASgS, = SASjSj + As^. 

(2) 4As,S^ + 12K,G03 - 5K3ASS, + 3K3ASO, + 1200,, 

The reduction is conveniently effected by mixing dry arsenious 
sulphide with one part of potassium cyanide and three parts of sodium 
carbonate, and introducing the mixture into a piece of combustion 
tube c, drawn out to a capillary tube as in Fig, 12, A slow current 
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C0.,-> Fig. 12, 

of carbonic anhydride generated from marble and hydrochloric acid in 
the flask A, Fig. 13, and dried by passing through b into the flask B, 
containing concentrated sulphuric acid, <and througli the delivery tube 
c, over the mixture in tube C, heated at first gently, till all the moisture 
has been driven out, and then strongly, almost to fusion — when a 
mirror of metallic arsenic collects in the neck of the drawn-out tube. 

The reaction has this advantage, that no antimony mirror is 
obtained in the same way. 

In order, however, to avoid missing the arsenic, either altogether 
or obtaining only a portion of it, as stated above, it is preferable to 
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treat the arsenious sulphide with a few drops of concentrated nitric 
acid, and to evaporate with a little sulphuric acid (in order to de- 
compose any metallic nitrates, if present). The sulphuric acid is 
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next neutralised with sodium carbonate, and the mass thoroughly 
dried before mixing it with potassium cyanide, and reducing as 
described. The fused m^s retains the antimony, and a good arsenical 
mirror is obtained, provided no lead, copper, or other reducible metals 
are present. 


marsh’s test. 

Arsenious and arsenic acids are both reduced by nascent hydrogen, 
which combines with the oxygen of the ai’senical oxides to form 
water, whilst the arsenic in its nascent state, or the very moment it 
is liberated from the oxygen, also combines with hydrogen to form a 
gaseous compound of arsenic, called arsenietted hydrogen (arsenious 
hydride) — ASH3. This gas is obtained nearly pure by acting with 
dilute sulphuric acid upon an alloy or compound of zinc and arsenic 
(ZugAsg). The zinc takes the place of h3=^drogen in the acid, and 
arsenious hydride is liberated, thus : 

As2Zn3 -4- = : 5 ZnSO, + 2ASH3. 

Some other arsenides act in a similar manner. Sodium arsenide 
decomposes on contact with water liberating ASH3, and also forming 
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some As.,I:T^, a brownish solid. Too great care cannot be taken with 
these arsenic compounds. 

Arsenious hj^dride is an exceedingly poisonous gas, and the student 
must on no account attempt to prepare it pure. ^ Its properties, for 
qualitative purposes, ma}’’ be studied equally well in a mixture of the 

gas with much hydrogen. . p it. 

All expei'iments with it must be conducted in a fume chamber 
where a good indraught of air can be obtained. Arsenious hydride 
possesses a very nauseous odour, and burns with a peculiar livid blxush 
flame when the jet of hj^drogen containing it is lighted. This is due 

to the combustion of arsenic to As^Oj. 

Generate hydrogen in a flask, a. Fig. 14 , from pure zinc (free irom 
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arsenic) and pure dilute sulphuric acid. Dry the gas by passing it 
over calcium chloride an<\ connect the drying tube, 6, with a piece of 
haid gW tubing, r, drawn out to a jet. The hydrogen gas may be 
ignited at the jet, as soon as it has displaced the air in the generating 
flask, a, and drying tube, 6. It burns with an almost colourless 
flame if the zinc and acid be pure. On introducing a few drops of 
an arsenious or arsenic solution^ through the funnel- tube, the flame 
is seen to change to blue, and on holding a piece of porcelain a 
dish, or the lid of a porcelain crucible) into the fliiime, a black mirror 
or deposit of metallic arsenic is obtained. Or the metal may be 
collected — by heating the glass tube through which the hydrogen 
passes — in the form of a metallic ring, dy which deposits within the 
tube immediately in front and in rear of the spot where the glass is 
heated. The hydrogen should not be generated too rapidly, if a good 
ring is to be obtained. 

Several arsenical mirrors may be obtained if a long piece of narrow 
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combustion tube, Fig. 15, be employed, which has been contracted in 
several places by drawing it out in the flame of a blowpipe. Arsenious 
hydride is generated in the flask, a, and passing through 6, the 
drying tube, c, and combustion tube, rf, issues from the drawn-out 
jet, where it can be burnt. The tube, cZ, is heated in one or in 
several places, just before the several drawn-out narrow parts. An 
arsenical mirror is obtained a little beyond the heated part of the 
tube, as seen in Fig. 1 5. Little or no arsenious hydride need thus 
escape from the jet, especially if a slow current of hydrogen be 
generated. 

^ Any considerable excess of oxidising agents, such as nitric acid, chlorine. 
&c.. should be avoided. The same hold&^good for the preparation of SbHg, 
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The deiK^ition of arsenic in the tube arises from the decomposition 
of the arsenious hydride, which, at a highjrfiemperature, is broken up 
into arsenic, which is deposited, and hydrogen which passes on and 
burns at the jet. The decomposition which takes place when a cold 
piece of porcelain is lowered into the flame, is readily explained, if it 
be remembered what takes place when some cold porcelain is held in 
a candle or gas flame. A deposit of soot is obtained (finely divided 
carbon from the hydrocarbons), because the combustion is disturbed, 
and the temperature of the flame suddenly lowered. The gas can 
only burn where it is in contact with the air — i.e., on the outside. 
The arsenious hydride on passing through the inner portion of the 
flame, is decomposed by the heat into arsenic vapour and hydrogen 
gas ; the latter escapes through the outer portion of the flame, and 
is burnt, arsenic being, deposited on the cold porcelain surface. The 
decomposition of arsenious hydride takes place, even if very little of 
the gas is mixed with much hydrogen gas. Marsh’s test is, therefore, 
extremely delicate. 

It is absohitely iiecessary that both zinc and sulphuric acid be 
tested first. This is done by generating hydrogen, and allowing the 
gas to escape by itself for some time through the ignited combustion 
tube. 

Care should also be taken to avoid introducing nitric acid, since 
arsenious hydride is readily decomposed by this acid. It is therefore 
preferable to dissolve arsenical compounds in hydrochloric acid, with 
the addition of a few small crystals of potassium chlorate, and to heat 
gently till no more chlorous odour is observable. 

The metal antimony forms with nascent hydrogen a combustible 
gas analogous to arsenious hydride, called antimonietted hydrogen 
(antimonious hydride), SbHg, It is prepared, though not in a pure 
condition, by acting with dilute sulphuric or hydrochloric acid upon 
an alloy of zinc and antimony, thus : 


Sb,Zn3 -f 3 H,SO, = 3 ZnSO, -f 2SbH3. 

It is obtained mixed wdtli much hydrogen by introducing into a 
hydrogen apparatus a few drops of an antimony solution (SbCl^, 
KSb03, tartar emetic). The greater part of the antimony, how- 
ever, remains behind, precipitated as metal, with perhaps some solid 
hydride Sb^H^ on the zinc. The hydrogen flame turns at once, 
bluish-green, and white fumes of antimonious oxide, 8^03, ^cend 
into the air. The gas has no particular odour, but is decidedly 
poisonous. On depressing a cold piece of porcelain into the flame, 
metallic antimony is deposited, and on heating the combustion tube, 
as in the case of the arsenic experiment, the gas is likewise decom- 
posed into metallic antimony, which collects in the narrowed portions 
of the tube and forms a dull black mirror, and hydrogen, which 
escapes and can be burnt at the jet. 

Since both arsenic and antimony produce a metallic mirror, such 
mirror may be due to either metal or to a mixture of the two metals 
(in which case, however, the more volatile arsenic is deposited further 
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away from, the flame^ and a part of the antimony is found behind 
the spot where the glass •tube is heated), further experiments ^ must 
be made in order to distin^ish the arsenic from the antimony in the 
mirror itself. 

This can be done very readily : 

1st. By adding to the mirror obtained on cold porcelain a con* 
centrated solution of bleaching powder, or of sodium hypochlorite 
(Eau de Javelle) ; or by simply exposing the mirror to chlorine gas, 
the arsenical mirror is speedily dissolved ; antimony only after some 
lengthened exposure, thus : 

As, + + oNaOCl - 2H3ASO, + 5NaCl. 

2nd. By passing a very slow current of dry sulphuretted hydrogen 
through the glass tube containing the arsenic and antimony mirroi-, 
and applying a gentle heat. The metals are converted into sulphides 
— arsenic into lemon-yellow arsenious sulphide, and antimony into a 
black or partly orange-red antimonious sulphide ; and, if both metals 
are present, the two sulphides appear side by side ; the former some- 
what in front of the latter, arsenious sulphide being the more volatile 
of the two. On passing next a current of dry hydrochloric acid gas 
without the application of heat, antimonious sulphide disappears 
entirely, being converted into antimonious chloride, which volatilises 
in the current of hydrochloric acid gas, and may be passed into 
water and tested for by means of sulphuretted hydrogen. Arsen- 
ious sulphide remains unaftected, even if the hydrocliloric acid gas be 
passed over it for some time. The residuary arsenious sulphide 
dissolves readily in hydrogen ammonium carbonate, HNH^CO,. 

Antimonious and arsenious hydrides can moreover be distinguished 
from each other by passing them slowly into a solution of silver 
nitrate, which, acting the part of an oxidising agent, converts 
arsenious hydride into arsenious acid, thus ; 


ASH3 4- 6AgN03 + 3OH2 = OAg 4- H3ASO3 4- nilNO^. 


Antimonious hydride is not acted upon like this. Tlie oxidation 
extends only to the hydrogen and not to the antimony, silver taking 
the place of the hydrogen, thus : 

SbH3 4- 3AgN03 = KSbAg3 4- ^HNO^. 

Black precipitate 

The arsenious acid is separated by filtration from the insoluble 
SbAgg and Ag. On cautiously adding to the filtrate a dilute solution 
of ammonium hydrate, a yellow precipitate of triargentic arsenite is 
obtained, where the two layers of the ammonium hydrate and acid 
solution meet. 

The residue is boiled with a solution of tartaric acid, when the 
antimony compound is acted upon Avith formation of soluble anti- 
monious tartrate (?), silver being left behind. Filter ; acidulate the 
filtrate with dilute hydrochloric acid, and pass sulphuretted hydrogen, 
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An orange precipitate indicates antimony. Another method of 
detecting the antimony consists in digestii^ the SbAgg with yellow 
ammonium sulphide, when the Sb is dissolved out as sulphantimonite, 
and can be separated from the filtered solution by HCl as Sb^j. 

Another exceedingly delicate reaction for arsenic depends on 
the facility with which it forms compounds with organic or carbon 
radicles — viz., methyl, OH 3 , or ethyl, C^H,. A very small piece of 
an arsenious compound when heated in a dry tube with a little dry 
sodium acetate becomes reduced to metallic arsenic, which unites 
with the methyl groups of the acetate, forming cacodjd : 

As(CH^)^ tetramethyl diarsenide, a most minute quantity of which 

may be recognised by its disagreeable odour. 

Electrolytic hydrogen has been suggested instead of using zinc 
for Marsh's test. The platinum battery -terminals are introduced 
into the liquid to be examined, and the hydrogen collected and 
tested as by Marsh’s test. 

It is valuable in chemico-legal investigations where absolute purity 
of reagents is necessary. The hydrogen from A1 and KHO can also be 
employed for Marsh’s test, but this must also be tested beforehand. 


4. GOUD, Au'and'". — Gold is generally found native, and is then 
readily recognised by its colour, malleability, and physical characters 
generally. In small quantities it occasionally accompanies metallic 
sulphides, and is found in some quantity in combination with tellu- 
rium. Pure gold is pale-yellow in colour and exceedingly soft, being 
the most ductile and malleable metal. It is not aflected by air, 
water, or any single acid, with the exception perhaps of Nordhausen 
sulphuric and selenic acid, H^SeO^ (?), at any temperature. It is, 
however, rapidly acted upon by chlorine, or bromine, or by mixtures 
of acids which liberate either of these substances (aqua regia). It 
unites very readily with mercury, forming a white alloy or amalgam. 
It also alloys with most other metals, some of which have a great 
efiect on its colour even when in small quantity — e.^., pallaoium, 
arsenic. Gold may be obtained in an exceedingly finely divided con- 
dition either by hammering into gold leaf, or better by reducing it in 
the metallic condition from its salts. In the latter case it may be 
obtained so finely divided as to suspend in the water for months or 
even years, forming a red or blue solution, depending on the nature 
of the reducing agent employed. This is Avell shown by passing a 
few bubbles of PH^ into a dilute solution of AUCI 3 . It can also be 
obtained as an almost black powder. 

Its atomic weight = 1 9 G * 2 . Specific gravity, 19*32. Melting point 
about 900'' 0. When melted it gives out a greenish light, almost 
complementary in tint to its colour in the solid state. 

It forms two series of compounds, aurous and auric. 


EXPERIMEMTS. 

I. Gold leaf contains a little silver, but is most convenient for ex- 
periments. 
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Heated in a tube either in air or vacuum it melts without change. A 
piece of gold leaf will melt in^o the glass of a test tube. When looked at it 

is yellow, when looked througl^ it appears green. ,, , u 

II. Sulphur has little or no action on pure gold, but gold leaf generally 
becomes a little duller. 

III. Single acids, as HCl, HNO3, have no action, 

KHO and NaHO have no action either in solution or when fused. 

A mixture of HCl and HNO3, which evolves chlorine or nitrosyl chloride, 
dissolves it, forming a yellow solution of AUCI3, which on very careful evapor- 
ation leaves a yellow deliquescent solid. 

On moderately heating chlorine is evolved, and metallic gold left. 


DRY REACTIONS. 

When heated on charcoal with sodium carbonate and borax in the 
reducing flame, gold compounds yield a yellow, very malleable globule 
of metallic gold. 

To detect gold in argentiferous minerals in which it is present only 
in minute quantities, and associated with large quantities of other 
non-volatile metals, the powdered mineral is fused with borax and 
metallic lead, and the metallic button ’’ cupelled, as will be described 
under silver. The globule of white metal which is left on the cupel 
is beaten out, and the silver dissolved by digesting with a little nitric 
acid. The silver nitrate is poured olf, and the gold washed with 
distilled water. The black insoluble residue is once more fused on 
charcoal before the blowpipe, when it assumes the well-known 
appearance of fine gold. 

Old, and sometimes new, silver coins fi equently contain a small 
quantity of gold, which, on dissolving in nitric acid, is left as a black 
powder. 

When an insufficient quantity of silver is present in the “ button ' 
(see above) (which may be inferred from its pale- yellow colour), from 
two or four times its own weight of silver sliould be fused up with it, 
and the button so obtained beaten out and then treated with nitric 
acid in order to separate or ‘^part *’ the gold. — Method of assaying 
gold. 


REACTIONS IX SOLUTION. 

Gold when unalloyed is soluble with ease in aqua regia only, 
forming a solution of auric chloride, AuClg, which may be employed 
for studying the reactions in solution. 

^^2 (group-reagent) gives from a cold solution a black precipitate 
of auric sulphide, AU2S3, from a boiling solution a brownish preci- 
pitate of aurous sulphide, Au^S. These precipitates are insoluble 
in hydrochloric and nitric acids, but dissolve in aqua regia. They 
are likewise insoluble in normal ammonium sulphide, but soluble, 
although with difficulty, in the y'ellow sulphide, more readily in 
yellow sodium sulphide, with which they form a sulphosalt, Na3AuS3. 

(NHJgS and sodium thiosulphate, same precipitate. 

KHO or NaHO produces no precipitate. 

NH^OH produces from a concentrated solution of auric chloride 
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a reddish-yellow precipitate of ammonium aurate or fulminating gold, 
(NH 3 ),Au 303 , thus : # 

2 AUOI 3 + 8NH,0H = (NH3)3Au, 03^ + ONHp + SOH^. 

The detection of gold is attended with no difficulty, owing to the 
facility with which its compounds generally are reduced to the metallic 
state. Gold has little affinity for non-metallic elements ; the com- 
pounds which it forms with them are readily broken up by heat 
alone, or on being brought into contact with bodies which have more 
affinity for the metalloids, leaving metallic gold in a finely divided 
condition as a brown powder, which acquires metallic lustre when 
dried and rubbed in a mortar. Hence auric chloride is a powerful 
oxidising agent, as has already been seen under tin, antimony, and 
arsenic. The same oxidising action is called into play, when AuCl, 
comes together with solutions of sulphurous and oxalic acid, ferrous 
sulphate, or chloride, cuprous chloride, dissolved in hydrochloric acid, 
mercurous nitrate, potassium nitrite, sugar in an alkaline liquid, 
and many other organic substances the epidermis) ; arsenious, 

antimonious, and phosphorous hydrides, and even free hydrogen 
decompose AuClg. 

The following equations express these changes : 

(1) 2AuClj, when ignited splits up into Aa, -f oClo. 

(2) Au^Sj „ „ , Auf -f S 3 .' 

(8) 2AUCI3 + 3H2SO3 + 30 H. = Au2 + 3 H..SO^ + 6 HC 1 . 

<4) 2 AUCI 3 + 3 H 3 C 2 O, ' = Au.> 4 - 6 CO, + 6HC1. 

(o) 2 AUCI 3 + GFeCJj = Auo 4- 3Fe.,Cl6- 

( 6 ) 2 AUCI 3 4 - 4FeSO, 4- OH 2 = Aul + FeZCl^ 4- Fe.(SOd 3 4- 

(7) 2 AuClg 4- SCUgCl., = AU 2 ' 4- GCu'Cla- 

( 8 ) 2 AUCI 3 4- 3Hp2(N03)2 = Au 2 4- SHglNOg). 4- SHgCL 

(9) 2 AUCI 3 4 - 3KNO., 4 - 30H. = Au., 4 - 3 KNO 3 ' 4- 6HC1. ' 

(10) 2 AUCI 3 4- 2 ASH 3 " 4 - 30H: = Au; 4 - 2 H 3 Asb 3 4- 6HC1. 

(11) 2 AUCI 3 4 - SbHg ' = Au. 4 - SbClg 4- 3HC1. 

In the analysis of a solution containing gold, it is usual to remove 
the gold in the metallic state, by boiling with oxalic and hydrochloric 
acids, before passing SH^. The precipitated gold is collected on a 
filter and fused into a button on charcoal. 

There are several other metals also in this group which are 
removed similarly before continuing the analysis. 

Gold is precipitated from a hydrochloric acid solution, of AuClg 
by most metals, even by Pt, Ag, and Hg. 

PIaATUMXTM^ Pt" and — This metal is found native, but more 
frequently alloyed with other metals. The colour of platinum is 
somewhat between that of tin and silver, being whiter than tin but 
not so white as silver, or nearly so brilliant. * It has about the same 
hardness as copper, and is eminently ductile and malleable, but 
somewhat inferior to gold in the latter property. Its atomic weight 

= 194; specific gravity, 21 '50. Melting point betw'een 2000"^ and 

* This substance is explosive when dry. It may be a salt of auric acid or 
a hydrated amino compound. 
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2200^ O. It is much less readily acted upon than gold, either by 
halogens or acids, and doDs not amalgamate with mercury. It is* 
acted upon by fused caustSc alkalies (NaOH and KOH). It is a 
bad conductor of heat and electricity. It forms two well charac- 
terised series of salts. It is characterised by its infusibility before 
the blowpipe, and is not acted upon by the usual fluxes. Sulphur 
has a slight action on platinum when not heated much more than 
about 500 \ Se, Te and P act very rapidly, and nearly all metiils 
melt with it readily. Some, as Na, Sn, As, Sb, Pb, &c., attack it 
vigorously, forming very fusible compounds or alloys. Its reactions 
in solution need, therefore, only be examined. 

Unalloyed platinum is not attacked by either nitric, hydrochloric or 
sulphuric acid, but by aqua regia, with formation of platinic chloride, 
PtCl^.* The action is slower than with gold. A solution of this salt 
is employed for studying the reactions of platinum. 

SHg (group-agent) produces slowly a dark brown precipitate 
of platinic disulj)hide, PtS.,. On heating, the precipitate forms 
quickly. It is insoluble in nitric or hydrochloric acid, soluble in 
aqua regia, difficultly soluble in normal ammonium sulphide, more 
speedily in the yellow sulphide, with which it forms a sulpho-siilt, 
(NH^) 3 PtS 3 . Heated out of contact with air, it is decomposed into 
PtS and S. 

same precipitate. 

NH 4 CI produces a light-yellow crystalline precipitate of ammo- 
nium platinic chloride, ^NH^ClyPtCl^. From dilute solutions a pre- 
cipitate is obtained only after evaporation to dryness (on a water- 
bath). The precipitate is somewhat soluble in water, insoluble in 
alcohol. (See Ammonia, ante.) 

KCl produces a yellow crystalline precipitate of potassium platinic 
chloride, 2K01,PtCl^, analogous in its appearance and pi operties to 
the precipitate just described. (See Potasvsium, ante,) 

NaCl forms with platinic chloride a double chloride, which is, 
however, soluble in water, and is obtained in needle-shaped crystals 
by evaporation. 

The precipitate produced by platinic chloride with NH^Cl and 
KCl serves for the detection and isolation of platinum, and vice 
versdj for the detection of ammonium or potassium compounds. 
{Comp, chapter ii.) 

PtCl, is useful on account of the compounds which it forms with 
the chlorides of the alkali metals and with the chlorides of many 
organic bodies, e.g., the so-called alkaloids, such as quinine, nicotine, 
&c., and amido bodies or bases generally,! 


* When alloyed with silver, zinc, cadmiuiQ, and some other metals, and 
these alloys are treated with nifcric acid, some platinum is dissolved along 
with the other metals. The amount dissolved varies with the metal, and the 
amount of platinum in the alloy. 

+ That is, compounds in which the group NH.^ is combined with a more or 
less complex carbon compound. The double salts with PtCl^ are very charac- 
teristic bodies. Whether they arise from the energy of the platinum atom or 
are a consequence of a rise in valency on the part of the halogen is not yet 
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Platinum is capable of forming a lower chloride^ platinous chloride, 
"Pt"01j. This salt is obtained by heatingtplatinic chloride for some 
time in an air or oil-bath up to 204° C., As long as any chlorine is 
evolved ; or by acting with sulphurous acid upon a solution of platinic 
chloride, until the latter ceases to give a precipitate with ammonium 
chloride. PtCl, is a greenish-grey powder, insoluble in water, but 
soluble in hydrochloric acid. 

Several reactions for platinum in solution are based upon the power 
which its salts possess of oxidising other bodies which are chemically 
unsaturated ; but as platinic salts are not so easily reduced as gold 
salts, a solution of the latter metal is generally preferred. After 
what has been stated under gold, the following reactions will be 
readily understood : 

PtCl^ produces with SnCl^ only a dark brownish-red colour, owing 
to the reduction of the platinic to platinous chloride and formation 
of a platinous tin chloride, PtCl 32 SnCL = 

*Sn 

/ \ 

Cl Cl 

1 I 

Cl-Pt-Cl 


PtCl 4 is reduced by FeSO^ only after long-continued boiling. 
PtCl^ is reduced to platinum by formic acid, HCO^H, on heating, 
if the free acid be neutralised with sodium carbonate. 

Metallic zinc precipitates metallic platinum. 

PtClg is very readily reduced to metallic platinum by FeSO^ and 
other reducing agents, as oxalates, and is used in photography for 
this reason. 

clearly settled. PtChis difficult to get perfectly pure. The ordinary solution 
is acid, and probably consists of PtCb^HCl chloroplatinic acid. A constitu- 
tion as represented by the plan 

K 

^Cl — Cl\ 

Cl- Pt— Cl 

'''''\C1— Cl— K 

is not at all unreasonable for the potassium salt, as there is plenty of evidence 
of the halogens acting as triad atoms, as in ICI 3 and many other cases. 

Cl'- _ 

T 


The compound (page 104) (NHJ.^PtSg is also probably of a similar type as these 
chloronlatinates : 

H,NS — Pt — S— NH, 
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SEPARATION OF As, Sb, AND Sn. 

PtCl, is soluble in PtCI^ solution, and gives it a very dark colour, 
and also forms double saltf with SnCl^, 

Whenever platinum and gold are contained in a solution together 
with other metals of Group II., it is preferable to remove the gold, 
by means of oxalic acid (which does not reduce platinic chloride), 
before removing the platinum by evaporation with ammonium 
chloride. 


Separation of the metals arsenic, antimony, and tin, whose 
sulphides are soluble in yellow ammonium sulphide, or in 
sodium hydrate. 

The precipitate produced by the group-reagent is soluble in yellow 
ammonium sulphide, or in sodium hydrate, and may consist of three 
siilphides. If the precipitate be of a dark brown colour, stannous 
sulphide is indicated. If it be of a fine lemon-yellow colour, the 
presence of arsenious or stannic sulphide, and if orange-coloured, 
antimony. 

The three sulphides are unequally soluble in hydrogen ammonium 
carbonate. As^,S 3 dissolves freely, SnS^ very slightly, and Sb^S 3 is 
all but insoluble. On digesting, therefore, the precipitate wdth 
hydrogen ammonium carbonate and filtering, arsenic is obtained in 
the filtrate, and the antimony and tin are left in the residue. In 
order to separate the remaining two metals, the antimony may be 
partly converted into antimonious hydride — tin does not form a 
gaseous compound with hydrogen. For this purpose the two sul- 
phides are dissolved in hydrochloric acid well boiled to expel SH^, 
and the solution of the mixed chlorides introduced into a Marsh’s 
apparatus. Antimony is detected by the metallic deposit which 
antimonious hydride gives on porcelain, insoluble in isaOCl. Tin with 
some of the antimony is found in the generating flask deposited on 
the strips of zinc as a greyish-black metal. It is removed from the 
undissolved zinc, dissolved in hot hydrochloric acid (by the aid of a 
little platinum foil), and the solution tested with mercuric chloride. 
A white precipitate of mercurous chloride, Hg.,Cl.„ indicates the 
presence of tin. 

The separation of arsenic, antimony, and tin, may thus be based 
upon— 

1st. The solubility of As^O^ in hydrogen ammonium carbonate. 

2nd. The formation of antimoniovis hydride. 

3rd. The precipitation of tin by metallic zinc. 

Several other methods of recognising and separating the metals 
tin, antimony, and arsenic, will readily suggest themselves, such as 
the one which is based upon : 

1st. The precipitation of arsenic and antimony in the form of 
sulphides, by boiling a hydrochloric acid solution of the three metals 
with sodium thiosulphate, tin remaining in solution. 
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2nd. By boiling the precipitated AS2S3 and Sb^Sj with hydrogen 
potassium sulphite and sulphurous acid ^ As^Sj is converted into 
potassium metarsenite, Sb^Sj remains undlssolved. 

A third method consists in : 

1st. Removing the As,S3 by boiling with hydrogen ammonium 
carbonate. 

2nd. Solubility of SnS in oxalic acid, Sb^S, being insoluble. 

Dissolve the sulphides of tin and antimony in a little strong 
hydrochloric acid, with the addition of a crystal of potassium chlorate, 
evaporate the solution till free from chlorine, make it slightly alka- 
line with caustic soda, and add a cold strong solution of oxalic acid, 
when the white precipitate thrown down by the soda easily redis- 
solves. Pass sulphuretted hydrogen through the solution till no 
more antimony siiphide comes down ; filter, and wash the precipitate 
with sulphuretted hydrogen water. Add to the filtrate some dilute 
hydrochloric acid, and pass sulphuretted hydrogen for some time ; a 
yellow precipitate indicates the presence of tin. 

A fourth method of recognising arsenic, antimony, and tin is 
based upon : 

The introduction of a solution (in HCl by the aid of KOIO3) of 
the three sulphides into a hydrogen apparatus, and passing the 
evolved arsenious and antimonious hydride through a solution of 
silver nitrate ; the tin remains behind precipitated on the zinc. 

The solubility of the precipitated SbAg3, in tartaric acid, and 
precipitation of the antimony by means of sulphuretted hydrogen 
from a hydrochloric acid solution. 

The precipitation of the Ag3As03 from the silver nitrate solution 
by means of ammonia. 

A fifth method of recognising the metals of group IIb, depends 
upon : 

1st. The insolubility of AsgS, in strong hydrochloric acid, 8^83, 
SnS, and SnSg being dissolved. The presence of arsenic is confirmed 
by fusion with potassium cyanide and sodium carbonate. 

2nd. The precipitation of the antimony on platinum by means of 
a strip of metallic zinc ; a black stain indicates antimony. 

3rd. Dissolving the tin precipitated on the zinc in warm dilute 
hydrochloric acid, and confirming it by means of mercuric chloride.^ 

A sixth method depends upon ; 

1st. The removal of the arsenic from a precipitate of the three 
sulphides by hydrogen ammonium carbonate. 

2nd. The precipitation of the antimony from a solution of the 
two chlorides by means of pure iron wire, the antimony being sepa- 
rated in the metallic state. The tin remains in solution as dichloride. 


See also Table II. 
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REACTIONS OF THE METALS IN GROUP I. 

This group comprises the metals silver and lead and mercury in 
the form of mercurous compounds, which are precipitated from 
solutions by dilute hydrochloric acid. 

1. SILVER^ Ag \ — This metal occui-s native ; also as sulphide in 
silver glance, SAg^, and in combination with antimony, as sulpho^ 
salt in Ag 3 AsS 3 , dark red silver ore (pymrgyrite), Ag 3 SbS 3 ; with 
arsenic as silver sulpharsenite, in proustite, AggAsSj ; as chloride, 
AgCl, in horn silver and other ores. 

The colour of metallic silver is white, with a decided red tint, as 
seen by repeated reflexions from the surface. Its atomic weight 
= 107’G7. Specific gravity, and it melts at about C. 

It is slightly volatile in a stream of air when very highly heated, 
and dissolves oxygen when melted, which it gives up again on 
solidifying. Air and water have no action, but ozone ^lightly oxidises 
it. Nitric and sulphuric acids dissolve silver, the latter only when 
heated. Hydrochloric has only a superficial action. Sulphur com- 
bines with the metal directly. SlI^ and other sulphides also give 
up their sulphur to it. Its salts with the halogens are very sensitive 
to light, becoming reduced more or less to lower states of com- 
bination. 

Some of the salts of silver are reduced by fiee hydrogen being 
passed through their solutions. All are reduced to metal under the 
action of nascent hydrogen. 


EXPERIMENTS. 

I. Silver wire and thin sheet melts easily in a glass tube and Icavca a 
yellow stain on the glass. Otherwise no change. 

II. Heated with sulphur the two combine quite energetically, a grey-black 
crystalline sulphide, Ag.^S, forming, which melts easily, is soft and marks paper. 
The metal generally glows at the moment of combination. 

III. HCl has only a slight surface action scarcely noticeable. 

HoSO^ when strong and hot dissolves it, slowly forming Ag.,SO. and evolving 
SOo. 2Ag + 2 H 2 S 0 j=Ag.^S 04 + 2 Hp + S0.. The sulphate is not very soluble 
in water and easily crystallises. It bears a high temperature without de- 
composition. 

HNO 3 , even when rather dilute, dissolves the metal easily ; very strong acid 
not so rapidly. Oxides of nitrogen are liberated and AgNO^ formed which 
easily crystallises. 

Alkalies have no action, but ammonia dissolves the oxide and many, if not 
all, its salts. 
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DRY REACTIONS. 

Place a small quantity of powdered silver glance, or the sulphide 
made in Experiment II., towards the middle of a hard glass tube 
'(combustion tubing of about ^ inch internal diameter, cut with a 
sharp file into lengths of 5 to 6 inches answers best). The bent tube 
used for Experiment I. will do perfectly. Heat the powder gradu- 
ally by moving the tube about in a Bunsen gas flame, and lastly, 
heat it strongly towards the centre. By holding the tube in a 
slightly slanting position, a current of air is made to pass over the 
ignited sulphide ; the sulphur becomes oxidised and is carried off as 
sulphurous anhydride, readily recognisable by its pungent odour. 
Metallic silver is left, together with a little silver sulphate. 

Other volatile bodies, such as antimony, arsenic (selenium and 
tellurium), which are frequently present in pyritical silver ores, are 
likewise oxidised, but are, to a great extent, deposited as As^Og and 
SbgOg in the cool part of the tube. 

Mix a little of the finely powdered silver glance (or of the roasted 
ore) with sodium carbonate, and heat upon charcoal under the 
reducing flame of the blowpipe. A globule of bright metallic silver 
is left. 

Silver ores which contain no other fixed element but silver, are 
reduced on charcoal to the metallic state by a simple fusion with 
sodium carbonate. Antimony and arsenic, if present, are readily 
volatilised as metals before the reducing flame. The sulphur com- 
bines with the alkali metal. 

Silver ores which contain non-volatile metals, such as copper, 
iron, etc., as in argentifei'ous fahl ore, and from which the metal 
silver could not be eliminated before the blowpipe flame, are treated 
in the following manner : 

About *100 grm. of the finely-powdered ore is mixed with its own 
bulk of powdered borax glass ; wrapped up in a small piece of assay 
lead ; ^ introduced into a cavity made in a good piece of charcoal, 
and fused under the reducing flame of the blowpipe, at first gently, 
and afterwards more strongly. The heat is kept up till the whole 
mass has resolved itself into a metallic button and a clear glassy 
borax bead, which does not adhere to the charcoal. Should the 
metallic button, on cooling, present a dull grey surface, indicative of 
the presence of antimony, it is next heated in the oxidising flame, 
until, on cooling, it shows a bright surface. It is then detached 
from the borax, cleaned by a blow with a hammer and carefully 
cupelled on some bone-ash pressed into a shallow cavity in a piece of 
charcoal, the surface being made smooth and thoroughly concave 
with the round end of a pestle. The button is thoroughly freed 
from borax, placed in the cupel, and heated in the oxidising flame. 
The lead is oxidised and absorbed by the porous bone-ash, forming a 
mass of fused litharge around the metallic bead. If one cupellation 
does not yield a brilliant white globule of silver — i.e., if the copper 


* Lead free from silver, prepared from lead acetate. 
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has not been entii’ely removed — fact which is indicated by a black 
colour, instead of a pale yellow colour of the litharge, in the cupel— 
the cupellation of the hutlgn must be repeated in a fresh cupel, and 
the button, if necessary, remelted with a small quantity of assay 
lead. The silver not being an oxidisable metal, is obtained in the 
metallic state. 

Small quantities of silver maj’ be separated from lead (as well as 
from other metals) by cupellation. 

Fuse some finely powdered argentiferous galena, PbS,SAg„ on 
charcoal before the reducing flame of the blowpipe, 
either alone or with sodium carbonate. A bead of an 
alloy of much lead and very little silver is left. Expose 
Fig. 16 . bead on a small cupel (Fig. !<>) to the oxidising 

action of the blowpipe flame. The lead is oxidised and 
absorbed by the cupel, metallic silver being left. 

Chloride of silver may be heiited on charcoal with sodium carbon- 
ate when a bead of metallic silver will be left thus : 


2AgCl + Xa,CO, = 2Nat‘l 4 - i O, + O + Ag,.^' 


REACTIONS IN SOLITION. 

For the reactions of silver in solution silver nitrate, AgN 03 , 
dissolved in water, is employed. 

HCl (group-reagent) and soluble chlorides (XaCl, give a 

white curdy precipitate of silver chlorule. AgCl, which turns violet 
on exposure to light. The precipitate is insoluble in water and 
dilute acids ; slightly soluble in concentrated nitric acid ; readily 
soluble in ammonium hydrate, potassium cyanide and soilium thio- 
sulphate ; soluble also to a considerable extent in concentrated hydro- 
chloric acid and in strong solutions of alkaline and other chlorides, + 
more particularly when heated, whence the dissolved silver chloride 
is, however, reprecipitated on dilution with water. 

Collect the precipitated and washed AgCl on a filter and dry in 
an oven or on a sand-bath. Fuse a portion of the dry salt in a 
porcelain crucible over a small gas-flame. The white powder fuses ; 
it undergoes a physical change only, and leaves on cooling a hard 
translucent mass, called horn silver. 

Place a small piece of zinc on the fiisetl horn silver, and add a 
drop of dilute hydrochloric acid and a little water. The zinc removes 
the chlorine and leaves metallic silver. The same action takes place 
when the white curdy precipitate of silver chloride is brought in con- 
tact with strips of metallic zinc. 

This forms a convenient method of recovering silver from silver 
residues. 

* The oxygen represented in this equation combines of course with the 
carbon of the charcoal. 

t Silver haloids and cyanide form what are in ignorance termed “double’" 
salts^ with many other metallic haloid compounds. It is very likely due to a 
rise in valency of the halogen. Cyanogen can also change its valency. 
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NaHO or KHO precipitates silver hydrate, AgHO, in the form 
of a brown powder, which, on ignition, gives off oxygen, and leaves 
metallic silver. 

(NH^OH), when gradually added, precipitates silver hydrate, 
readily soluble in excess. 

SHg precipitates black silver sulphide, SAg^, from acid solutions ; 
insoluble in dilute acids, in alkalies, alkaline sulphides, and potassium 
cyanide ; readily soluble in dilute boiling nitric acid, with separation 
of sulphur. 

HI or KI gives a yellowish precipitate of silver iodide, Agl, 
insoluble in dilute nitric acid and almost so in ammonium hydrate 
(distinction between AgOl and Agl). 

HBr or KBr gives a yellowish- white curdy precipitate of silver 
bromide, AgBr, insoluble in dilute nitric acid ; difficultly soluble in 
ammonium hydrate ; readily soluble in potassium cyanide or sodium 
thiosulphate, or potassium iodide. 

HCy or KOy gives a white curdy precipitate of silver cyanide, 
AgOy, soluble in excess of the reagent ; insoluble in dilute nitric 
acid ; soluble in ammonium hydrate, but reprecipitated by dilute 
nitric acid ; soluble in sodium thiosulphate. The precipitate is de- 
composed by concentrated boiling nitric acid ; it is decomposed also 
when heated by itself in a porcelain crucible, to paracyanogen, 
metallic silver, and cyanogen gas (distinction from AgCl, Agl, and 
AgBr). 

On placing a bright and clean strip of copper into a solution of 
silver nitrate, the copper becomes rapidly covered with a lustrous 
coating of metallic silver, and the solution, after a time, gives no 
precipitate with hydrochloric acid. The silver is deposited on the 
copper in the metallic state, and the solution contains now Cu(N03)2, 
an eqivalent quantity of copper {Gd'o by weight of copper for every 
216 of silver) having been dissolved. 

Place a small globule of mercury into a concentrated solution of 
silver nitrate on a watch-glass. The globule of mercury becomes 
rapidly covered with a crystalline mass, resembling some vegetable 
growth, termed arborescence. After a time the whole of the silver 
becomes removed from the solution, and the solution contains mer- 
curic nitrate, Hg(N03)2, in the place of the silver nitrate. Metallic 
silver is precipitated and forms with the mercury an amalgam which 
is crystalline. This crystalline mass is termed a silver tree {arbor 
Diance). 

Strips of the metals Zn, Fe, Sn, Pb, Mg and Cd may likewise be 
employed for the precipitation of metallic silver. 

Take a clear solution of one part of grape sugar and 6-8 parts 
of distilled water, and a somewhat dilute solution of silver nitrate. 
Heat the latter in a test-tube, nearly to boiling, and add the grape 
sugar solution. The liquid becomes at once turbid, and a greyish- 
white powder of metallic silver falls to the bottom ; or a yellowish- 
white metallic deposit forms on the sides of the test-tube, which, on 
rubbing with a glass rod, shows bright streaks of metallic silver. 
The metallic silver can be filtered oft’ and fused to a brilliant globule. 
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The cause of the reduction of the silver salt must evidently 
be sought for in the gr^e sugar. It has been seen that silver 
oxide loses its oxygen readily on ignition. Certain organic sub^ 
stances, such as grape sugar, formic acid, and aldehyde combine 
eat'erly with oxygen. Silver oxide, Ag^O, which may be supposed 
to'^exist in silver nitrate, parts with its oxygen readily to these 

substances. ... 

This reaction has found an important practical application in the 
manufacture of mirrors, specul^e for telescopes, &c. 

A number of organic substances, mostly acids, can form compounds 
or salts with silver. These on heating decompose leaving metallic 
silver, sometimes retaining the shape of the original crystalline sub- 
stance. 

On igniting a few crystals of silver acetate (CHgCO.Ag), in a 
covered porcelain crucible, gently at first, and strongly as soon as no 
more fumes are given off, a mass of frosted silver is left, having the 
shape of the original crystals. 

2. liEAD^ Pb'. — Lead is sometimes found native, but more 
generally in combination with sulphur, as PbS, in galena ; also as 
carbonate, in lead spar oi* white lead ore, PbCOg ; as sulphate, in 
lead vitriol, PbSO^, in leadhillite, BPbCOgjPbSO^, and in lanarkite, 
PbC 03 ,PbS 0 ^ ; as oxychloride, in mendipite, PbCl 2 , 2 PhO ; as phos- 
phate and oxychloride, in pyromorphite. 

The metal has a decided blue colour, and is exceedingly soft ; it 
can be marked by the finger nail, and makes a trail or mark on paper 
when rubbed over it. It can be obtained in crystals from fusion and 
slow cooling. 

Its atomic weight = 20r)*4. Specific gravity, 1 1 -.‘IT. Melting point, 
0. Boils between and C. 

It oxidises superficially only on exposure to air or water, and 
combines directly with sulphur and the halogens, hut not verv 
energetically. Xitric acid dissolves it easily. Acetic acid will also 
dissolve it if exposed to air at the same time. 

EXPERIMENTS. 

I. Heated in tube in air Pb, after melting, changes colour, becomes 
covered with grey ash ; on heating further the ash becomes vellow or reddish 
when hot and paler on cooling. The oxide formed melts easily and attacks 
the glass, it is PbO. 

II. Heated with sulphur, combination takes place, the mass becoming 
red-hot and melting ; it is dull black when cold ; Virittle ; it is PbS. 

III. Warmed with hydrochloric acid superficial action takes ’place the 

metal becoming whitened, but little dissolving. * 

strong also coats the metal with white sulphate 
(PbSOj, scarcely any dissolving unless the acid be concentrated and boiling 
when an acid salt is formed. ® 

Nitric acid dissolves it easily,' reddish fumes escaping. On evaporating in 
dish white crystals of lead nitrate (Pb2NOj), are formed. A dilute acid acts 
quicker than concentrated nitric. 

The oxide from I. partly dissolves in HCl, and is converted into white 
sulphate by HgSO^. Nitric dissolves it, forming nitrate. 
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8oda and ammonia have little effect on the clean metal, but soda dissolves 
oxide of lead to some extent. 

Comparatively weak acids, acetic and othei^ organic acids, dissolve lead 
slowly, especially in contact with air. A whife crust of basic or hydrated 
carbonate forms on the metal. 

N.B. — The manufacture of white lead depends upon this behaviour of 
lead towards organic acids. 


DRY REACTIONS. 

The principal blowpipe reaction consists in reducing lead com- 
pounds on charcoal to metallic lead, either by themselves, or by the 
aid of sodium carbonate, or potassium cyanide, and in the yellow 
incrustation of oxide which they yield, which disappears when heated 
in the oxidising flame, imparting a blue colour to the flame. The 
compounds of sulphur, antimony, arsenic, and selenium, with lead, 
are somewhat more difficult to reduce than oxysalts of the metal. 
The change which takes place when galena is heated with sodium 
carbonate in a crucible, out of contact with air, is expressed by the 
equation ; 

7PbS + 4^^003 = + 3PbSNa,S + Na^SO, + 4C0,;* 

but when heated in contact with air, or in the presence of an oxi- 
dising agent, such as saltpetre, the loss of lead in the slag is avoided, 
thus : 


PbS,Na,S + 70 + ISXCOa = Pb + 2Na2SO, + COo. 

When galena is roasted in a glass tube open at both ends, it is 
converted into PbSO^, Pb and SO^, thus : 

(1) PbS + 20^ = PbSO^. 

(2) PbS + 03= PbO + SOg. 

(3) PbS + 2PbO = 3Pb + SO^. 

With antimonides or arsenides the action is more complex. • 

With borax and microcosmic salt, lead compounds give in the 
outer flame a clear yellowish glass when hot which is colourless when 
cold.t 

The presence of antimony, arsenic, and sulphur is indicated when 
these ores are heated on charcoal by the garlic odour and fumes of 
AS2O3, or SbgOg ; or in a glass tube open at both ends, white sublimate, 
fumes, and odour of SO^. 

^ This double sulphide when heated with iron filings can be reduced to 
metallic lead, the iron becoming FeS. 

t All lead minerals, especially the antimonial sulpho-salts, boulangerite, 
bourn onite, jamesonite, and argentiferous galena, contain more or less silver, 
as may be ascertained by carefully cupelling the metallic button on charcoal. 
[Comp, Silver.) 


H 
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LEAD. WET REACTIONS, 


REACTIONS IN SOLUTION. 

For the reactions of |lead in solution, the nitrate, Pb(N03)g, or 
acetate (CH3COO)3Pb is us%d, most other lead salts being too insoluble 
in water. 

HOI (group-reagent), or soluble chlorides give, with a not too 
dilute solution of lead salts, a heavy white precipitate of lead chloride, 
PbClg, soluble in much cold water, readily in boiling water, from 
which the lead chloride crystallises out, on cooling, in fine needles ; 
less soluble in solutions containing dilute hydrochloric or nitric 
acid. Ammonia converts it into a basic salt, of the composition 
PbHOCl (lead chlorohydrate) — a white powder almost insoluble in 
water. 

NaHO or KHO precipitates lead hydrate, Pb(HO),, soluble in 
excess of the reagent, especially on heating. The Pb(HO)j must be 
viewed as acting the part of a weak acid, compared to the alkaline 
bases KHO and KaHO, or the compound may be looked upon as a 
substituted hydrate, thus : 

+ KHO = + H ,0 * 

NH^OH precipitates a white basic salt, insoluble in excess. The 
precipitate forms only slowly in a solution of lead acetate. 

SHj precipitates black lead sulphide, PbS, from acid solutions. 
If a large excess of hydrochloric acid be present the pi-ecipitate 
is reddish-brown, consisting of PbjSCh (lead sulphodichloride). 
On diluting considerably with water, a black precipitate is 
obtained. 

(NH^^^S, or soluble sulphides, precipitate black PbS, insoluble in 
dilute acids, alkalies, and alkaline sulphides. Lead sulphide is 
soluble in hot dilute nitric acid, lead nitrate being formed, with sepa- 
ration of sulphur. Concentrated nitric acid converts it into PbSO^ ; 
the oxidation extending to the sulphur as well. 

HjSO^, and soluble sulphates, precipitate a white sulphate, PbSO^, 
almost insoluble in water, especially in the presence of excess of dilute 
sulphuric acid ; insoluble also in cold dilute acids, soluble in boiling 
hydrochloric acid, from which lead chloride crystallises out on cooling ; 
soluble in potassium hydrate, and readily soluble in concentrated 
solutions of certain salts, such as sodium thiosulphate, ammonium 
acetate or tartrate, in the presence of excess, of ammonium hydrate, 
from which solutions H^SO^, in excess, (NHJ^S, or potassium chro- 
mate, precipitate the lead again. Poiling with sodium carbonate 
converts PbSO^ into an insoluble basic carbonate. Lead sulphate 
separates from very dilute- aqueous solutions very slowly or only on 
the addition of alcohol (methylated spirit). 

Potassium chromate precipitates yellow lead chrom ate, PtCiO^ 

* This kind of combination may also exist in the case of Zn(HO).„ AI/HO) 
and others which dissolve in solutions of alkaline hydrates. Hydrates are 
relatively either positive or negative. 
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(chrome yellow), readily soluble in potassium or sodium hydrates^ 
difficultly soluble in dilute nitric acid, insoluble in acetic acid. 

Soluble carbonates give a white precj^itate of a basic carbonate 
(a sort of white lead), of varying composition, usually represented 
as 2 PbC 03 , ^^( 0 ^) 2 , insoluble in water and in potassium cyanide. 

KI gives a yellow precipitate of iodide, Pbl^, soluble in excess of 
the reagent ; also soluble in much hot water, from which it separates 
on cooling in beautiful golden-yellow scales. The water solution is 
colourless. 

KCy precipitates white cyanide, PbCyg, insoluble in excess, soluble 
in dilute nitric acid. 

Soluble phosphates, arsenites, and arsenates, silicates, borates, 
oxalates, tartrates, citrates, ferro- and ferricyanides give precipitates 
with lead salts, which are insoluble in water, but soluble in dilute, 
or strong, nitric acid. These precipitates possess, however, only a 
secondary interest from an analytical point of view. 

Metallic iron or zinc precipitates lead from its salts. This is seen 
very strikingly on dissolving a few ounces (30 or 40 grms.) of lead 
acetate (sugar of lead) in distilled water, with the addition of a little 
acetic acid, and suspending in the solution a piece of zinc from a 
thread. The zinc becomes covered with a beautiful crystalline 
deposit of metallic lead, which increases rapidly if the solution be 
left undisturbed, and acquires the appearance of the branch of a 
tree {arbor Saiurni). The metallic structure can be preserved for 
days in unaltered beauty. On removing the precipitated lead from 
the piece of zinc, the latter is found much corroded and considerably 
diminished in size and weight. The lead may be collected on a 
filter and washed with water, dried, and fused in a crucible, under 
a covering of borax, to a bright metallic button. A chemically 
equivalent mass of zinc to the precipitated lead (z.e., 65 parts by 
weight of zinc for every 207 of lead) has dissolved, and is found 
in the solution, in the form of zinc acetate. The atomic weights 
of Zn (65) and Pb (207) can be determined roughly, by weighing 
the metallic zinc, before and after immersion, as well as the 
precipitated lead. 

Heat a little red lead, PbgO^,^ in a small porcelain crucible, or in 
a test-tube, to which a delivery-tube is attached. Oxygen gas is 
given off, which may be collected in the usual manner over water. 
The residue is dark yellow, and on cooling turns bright yellow. It 
consists of lead oxide, PbO (litharge) according to the equation : 

2Pb30, = 6PbO + O 2 . 

Treat a little PbjO^ with strong hydrochloric acid in a test-tube, 
and heat gently. A greenish-yellow gas comes off, and lead chloride 
is produced in the solution. The gas is readily recognised as chlorine 
by its property of bleaching litmus-paper : 

Pb30, -f 8HC1 = 3PbCl2 + 4 OH 2 + CI 2 . 

* The composition of commercial red lead is more correctly expressed by 
the formula Pb^Oj. 
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Treat another portion of red lead with dUute nitric acid. The red 
colour changes to brown — the colour of lead dioxide, PbO,. The 
reaction is expressed by th^ equation : 

Pb^O, + 4 HNO 3 = 2Pb(N03), + PbO, + 20H,. 

Lead can thus combine either with one or two atoms of oxygen to 
form PbO or PbO, ; and red lead may be regarded as a compound of 
these two oxides. 

The minerals plattnerite, PbO^, and minium, Pb30^, represent the 
corresponding natural oxides. 

H^SO^ forms with PbO the sulphate, PbSO^, oxygen being 
given off. 

PbOg absorbs sulphurous anhydride readily, forming PbSO^. 

HCl on heating with plumbic dioxide yields chlorine. 

3 . MERCT7RY. — (Mercurosum) 'H\. (See ante), 

A solution of mercurous nitrate, Hg^(]S03)g, used, most of the 
other mercurous salts being insoluble. 

HCl (group-agent), or soluble chlorides, give a white precipitate 
of mercurous chloride, Hg^Cig (calomel), which is insoluble in dilute 
acids and is blackened by KHO or NH^OH ; the latter converts it into 
mercurosoammonic chloride, NH^Hg^Cl. ilercurous is converted 
into mercuric chloride by the action of chlorine water. Concen- 
trated hydrochloric acid converts it, upon long-continued boiling, 
into HgClg and grey metallic mercury, isitric acid oxidises it readily 
into HgClg and Hg(N03)2, with evolution of nitrous fumes. Dry 
HggClg sublimes unchanged. 

NaHO or KHO gives a black precipitate of mercurous oxide, 
HggO, insoluble in excess. 

NH^OH produces a black precipitate of basic dimercurosoam- 
monium nitrate, (NH2HgN03)2Hg20. 

The precipitate is insoluble in excess. 

SHg precipitates black mercurous sulphide, 'Ilg'^S,* insoluble in 
excess or in dilute acids ; soluble in aqua regia or in yellow potassium 
sulphide. When boiled with concentrated nitric acid, the second 
atom of mercury in Hg^S is converted into Hg(N03)2, ^ white 

compound of mercuric nitrate and sulphide is formed. 

(NHJgS produces the same black precipitate. 

A clean strip of metallic copper precipitates metallic mercury 
from mercurous solutions, cupric nitrate being left in solution. On 
gently rubbing the greyish deposit with a piece of wash-leather, the 
surface becomes bright and shining like silver. The more electro- 
positive metals, Bi, Cd, Cu, Fe, Pb, Zn, precipitate the less electro- 
positive metal Hg. 

Sulphurous acid, ferrous sulphate or stannous chloride produce a 
grey precipitate of metallic mercury. On decanting the liquid and 

This compound appears to be a mixture of mercuric sulphide and 
mercury, as is shown by the ready action which concentrated nitric acid has 
upon It. 
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boiling the grey deposit with hydrochloric acid, distinct metallic 

globules are obtained. The changes may Jae expressed thus ; 

• 

Hg 3 (N 03 ), + H3SO, + OH3 = 2 Hg + 2 HN 0 , + H,SO,. 

, 3Hg3(N03), + 6FeSO, = 6Hg + 2Fe3(SO,)3 + Fe3(N63)3. 

Hg2(NO,)3 + SnCl, + 2 HC 1 = 2 Hg + SnCl, + 2HNO3. 

Mercurous salts thus act the part of oxidising agents, when coming 
in contact with more powerful reducing agents. 

A method of separating the metals of Group I. will readily 
suggest itself from the following facts : 

1 st. The solubility of PbClj in boiling water. 

2 nd. The solubility of AgCl in NH^OH. 

3 rd. The conversion of the HgjCl, into black NH,HgjCl by the 
action of NH^OH. 

Table I. in the analytical Tables embodies this method of sepa- 
ration, but this is not the only method available. 


Before proceeding to the study of the reactions for acids, the 
student will do well to tabulate in a concise way the knowledge 
gained of all the metallic oxides and hydrates, sulphides, 1 carbonates, 
neutral as well as basic, <fcc., and to commit the reactions to memory, 
if possible, or at any rate make use of them so as to evolve other 
methods of separation therefrom. 

He will also gain much precise information by working out in a 
tabular form illustrated by equations : 

(1) The solubility of all the metals hitherto treated of — 

(a) In dilute and concentrated hydrochloric acid. 

{b) In dilute and concentrated nitric acid. 

(c) In dilute and concentrated sulphuric acid. 

{d) In aqua regia. 

( 2 ) The solubility of the metallic oxides and sulphides obtained 
by double decomposition in solution, in the different acids, in caustic 
alkalies, and in alkaline sulphides. 



CHAPTER VII. 

^’0^’-JIETALLIC ELEMENTS. 

The non-metals are moi’e varied in physical character than the metals ; 
some are solids but lack any general property, like metallic lustre. 
One at least is liquid and five are gases at common temperatures. 
They are as a rule bad conductors of heat and electricity, but to this 
there are exceptions. There is a peculiarity very evident amongst 
non-metals which is not yet much known amongst metals in that 
some of them under certain conditions can exist in very different 
physical states, and this difference in physical state is to some extent 
attended by a considerable difference in their chemical behaviour. 
They are said to form allotropic varieties. 

CARBON, G", Varieties : a, diamond ; ,1 graphite ; y, char- 
coal. Atomic weight, 11'07. Vapour density undetermined; not 
volatile at any known temperature. Specific gravity diamond, ff'52 ; 
gi*aphite 2T7; charcoal various, depending on source, from IT to 
I’o. — Diamond is the hardest body known. Wood-charcoal is 
friable and marks paper with a dull black streak. Graphite makes 
a shiny and not quite black mark. Cokes, fi-om coal, and gaa carbon 
do not mark paper. Melting point of carbon unknown, fusible and 
volatilised in the electric furnace only. Carbon occui's in nature in 
two distinct crystalline modifications as diamond and graphite. The 
several modifications exhibit great diversitie.s of colour, lustre, trans- 
parency, hardness, and power of conducting heat and electricity. 
With the exception probably of melted ii'on, C is insoluble in all 
known solvents.* 

y-Carbon when subjected to a red heat burns in the air or oxygen 
with production of carbonic anhydride ; the more compact forms of 
carbon, graphite, or gas carbon burn with difficulty in the air alone. 
a-C, or diamond, will not burn even at a red heat in air, but readily 

* Lnder the conditions of the “electric furnace” carbon combines with 
inetals forming a class of compounds termed “carbides.’’ The chemistry of 

means fully worked out. (Some of these 
carbides are easily decomiiosed by water and acids or alkalies, and some 
appear as constant products of these decompositions. Calcium 
carbide, probably Cab'j, has rapidly became a commercial article and is the 
best knowm exanaple ot the class. By the action of water it gives acetylene, 
V2H2, as the main gaseous product : 

CaC, + H ,0 = CaO + C^H*. 

Some of the other carbides, as manganese, give hydrocarbons with more 
hydrogen, as CH, or C^H,, &c. b > b J 
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in pure oxygen. Graphite or diamond is not attacked by strong 
nitric acid, but charcoal is oxidised. On^ boiling charcoal with sul- 
phuric acid the acid is decomposed, with^the production of carbonic 
^nd sulphurous anhydrides and water : 

C + 2H,SO^ = 00^ + 2S0, + 20H,. 

Charcoal is also oxidised by a mixture of hydrochloric acid and 
chlorate of potash. A mixture of nitric acid and potassium chlorate 
attacks graphite on long boiling. The lighter forms of carbon are 
also oxidised by chromic acid, in the presence of sulphuric or nitric 
acids. The best test for carbon is the production of CO^ by com- 
bustion in air or oxygen. Carbon exists in the free and combined 
state in iron and steel, also in certain minerals ; in the latter case its 
detection is not easy in the presence of carbonates. 

Carbon does not combine directly with clorine, bromine, or iodine 
at any temperature, but does with fluorine even at very low tempera- 
tures, and the y-modification combines readily with sulphur and 
selenium at a low red heat. There is just a doubt whether diamond 
is carbon only.* 


EXPERIMENTS. 

I. Carbon is unaltered by air or water at ordinary temperatures. 

Moderately pure charcoal can be made by heating some clean cotton wool 

or cellulose on a retort to redness and until no more gases are given off. 

This charcoal retains the shape of the original cotton because the cellulose 
decomposes before melting. 

Sugar heated in a retort melts, gives off gases, and a quantity of carbon 
will be finally left, but it has no particular shape owing to the sugar having 
melted. This charcoal is denser and harder than that from cellulose. 

The charcoal from different sorts of wood differs a good deal in hardness, 
gravity and purity as far as mineral substances are concerned. 

Animal charcoal made from bones contains very much mineral matter, 
•calcium salts, &:c. Coke is charcoal from coal. It is best made by heating 
coal in a covered platinum crucible until gases cease to be evolved. 

II. Heated in tube in air, charcoals and coke fire at a red heat and glow, but 
there is no flame if pure ; Graphite^ gas-carhoii and diamond only hum in 
oxygen gas lohen heated to bright redness in it. 

The product in all cases is CO^. On moistening a test tube with lime 
water and inverting it over the end of the bent tube whilst the substance is 
being heated a white deposit will form on the sides of the tube. 

Baryta water, or if that fails, a solution of a lime or baryta salt made 
alkaline with ammonia may be used. 

III. Acids. — Hydrochloric has no action under any circumstances. Strong 
sulphuric boiled with charcoal or coke is decomposed, SO^ and CO2 being 
formed. No other carbon is affected. 

Strong nitric oxidises and sometimes ignites charcoal, but it is practically 
without action on other carbons. Chromic acid, CrOg, also oxidises charcoals 
and coke, especially when assisted by sulphuric acid. 

IV. All the forms of carbon are more or less rapidly affected by nitre when 
ignited with it in a platinum cup ; potassium carbonate is formed. 

V. Solutions of alkalies have no action, but melted KHO attacks charcoals 
and coke at a red heat. 

* Diamonds are said to be formed when carbon is dissolved in iron at the 
arc ” temperature and the “ melt ” then suddenly cooled. 
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SIUCON^ Si‘L Varieties: a, adamantine; A graphitic; 
y, amorphous. Atomic weight, 28. Specific gravity, a = 2’ll)to2*49. 
^ (graphitic) = 2-00,— Th^s element, although widely distributed in 
nature, is never found in the free state, but chiefly in combination 
with oxygen, in the crystalline condition as quartz, and in the 
amorphous condition as opal, flint, &c, 

Silicon is found in cast iron in a condition perhaps analogous te 
the state in which carbon exists. 

It is supposed to melt between the melting point of cast iron and 
steel, but this is doubtful. 

Amorphous silicon is a dai'k brown powder which soils the fingers. 
When heated in the air it takes fire, burning to SiO^. Heated in a 
vacuum it becomes denser and assumes a graphitic appearance, after 
which it oxidises much less rapidly on heating. 

It may be easily obtained by heating sand, SiO^, with magnesium 
filings, and after cooling, washing the product w'ith very dilute 
HCl. 

Hydrofluoric is the only acid which singly attacks silicon. 

Heated with caustic potash or soda silicates are formed with 
evolution of hydrogen : 

Si + 4KHO = Si(KO), + 211,. 

Many metals when in a fused state dissolve and perhaps combine 
with silicon — for instance, iron, aluminium, magnesium, and others. 
On cooling, the Si crystallises out to some extent, and may be isolated 
by treating the metal with an acid, as dilute IlCl. 

Some silicon bronzes are used to a limited extent. 

It combines directly with the halogens and also with sidpliur at 
a high temperature. From the haloid compounds direct cai*bon 
compounds have been formed, so-called organo-silicon compounds. 
Fronof these haloid compounds Si is obtainable by the action of the 
alkali metals. 


EXPERIMENTS. 

I. Silica in the form of sand, flint or rock-crv&tal is the most abundant 
silicon compound. 

It is Si02 and undergoes no change when heated. Acids and most Cther 
reagents have little or no action. 

II. h ine sand mixed with magnesium powder or filings and heated in a 

^be is reduced to silicon and a compound of magnesium and silicon, SiMgg* 
The mixture gets very hot during the reaction and often flies out of the tuW. 
1 grm. fine sand and *25 grm. Mg filings will be enough at once. On putting 
the product into dilute HCl, hydrogen and SiH^ are given off, and the 
^^^4 takes fire. A brown powder settles down which should be 

washed once with very dilute HCl and then with alcohol and dried. 

The brown amorphous Si may b^ (i) heated in a tube in air — it should 
glow ; (ii) heated with NaOH — hydrogen is evolved, 

BORON, B', “S o, y. Atomic weight, 10-94. Specific gravity^ 
2*53, Boron occurs in nature in borax and boracic acid ; never in the 
free state. Three varieties of boron are known, amorphous, y ; mono* 
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cKnic, ^ ; quadratic, a ; the latter variety is nearly as hard as the 
diamond itself. Some of these varieties have been obtained by dis- 
solving boron in melted metals; for instance, aluminium, and there 
is some doubt whether all the solvent metal has been quite removed. 
Amorphous boron when unignited is slightly soluble in water, but 
not in water containing acids or salts. 

Amorphous boron is a brown powder which does not oxidise in the 
air or in oxygen gas at ordinary temperatures, but at about 300° C. 
it bums, the product being boric oxide or anhydride, B^Og. 

Boron unites with nitrogen, the halogens, and sulphur directly, 
and also with some metals. It forms three classes of compounds, 
direct binary compounds of boron -and another element and two 
oxidation stages. 

This element is not used as such, but its compounds with oxygen 
are largely employed. 


EXPEEIMENTS. 

The oxide BgOg is the most common oxygen compound ; it is contained in 
borax which is much employed as a flux for soldering. 

I. Heated in tube BoOg simply melts, but no further change takes place. 

It dissolves in water, acids and alkalies, but without any characteristic 
reactions. 

The solution in water is very faintly acid, if at all. Turmeric paper turns 
brown as it does with an alkali. It distils rapidly with steam and can thus 
*be evaporated away. 

II. The acid is obtained by making a strong solution of borax, B^O^Nag, in 
water and adding HCl. White crystals quickly form. If the water be poured 
away and alcohol added to the crystals they dissolve. The alcohol solution, 
warmed in a test tube and the alcohol vapour set alight, burns with a green- 
edged flame. This distinguishes boron, or boric acid, from copper or barium, 
neither of which are carried up in alcohol vapour. 

III. Amorphous boron may be obtained in a similar way to silicon by 
heating a mixture of dry borax or B.^Og with magnesium filings in a strong 
tube. The action is energetic. After cooling the product is to be tr^ted 
with very dilute HCl once or twice, and then washed with alcohol. It is a 
brown powder after drying. 

IV. Heated in air in the open tube it burns, forming B.^Og. It should be 
heated with sulphur and alkalies and acids and results noted. 

OXYGXSMT^ O", a and Atomic weight, 15*96; liquid under 
ordinary preKSSure at - 193°. Specific gravity, a liquid, 0*979-0'989 ; as 
gas, 1-105 (air =1); 1 litre = 1*429 grm. Oxygen occurs in nature, 
in the free state in the atmosphere and in immense quantity com- 
bined with metals, as oxides, silicates, carbonates, &c. Although the 
absolute amount of free oxygen contained in the air is very great, 
the proportion which the free oxygen bears to that in a state of 
combination is but very small. 

a-Oxygen dissolves appreciably in water ; some metals also absorb 
oxygen when in the molten state, and give it off again on cooling — 
e.g.j silver. From the energy of its chemical combinations with 
other substances, oxygen is very easy to distinguish. It forms com- 
pounds with nearly every other elementary body, in many cases 
directly. 
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All bodies that bui n in air burn in oxygen with increased bril- 
liancy, such as phosphoria^ carbon, sulphur, ifec. 

Free oxygen is absorbed by pyrogallic acid rendered slightly 
alkaline by potash or soda, and this test is used in gas analysis. 
The solution rapidly turns brown when much oxygen is present.* 

The other modification of oxygen, ozone, or also occurs in 
air, especially in country districts and over the sea. It can also be 
prepared by passing tlie silent electrical discharge through pure 
oxygen, when a portion of the gas will be converted into ozone ; by 
the electrolysis of dilute H^SO^ under cert.ain conditions j also when 
electric sparks pass through air, or when a blowpipe flame is supplied 
with considerable excess of air, and wdien some substances are under- 
going a partial oxidation. Phosphorus shows this very well. It 
must be ordinary phosphorus and the air for its oxidation must be 
moist. The reaction is still somewdiat doubtful, but as PjOj is 
possibly the essential product the action may be : 

P. + = PA 4- O 3 

which means that three molecules of ordinarj^ ox 3 "gen are simul- 
taneously broken up. 

It must not be imagined that all the oxj^geii in contact wdth the 
phosphorus is so converted. Reallj’ only a few per cents, of ozone 
are formed. 

One of the most characteristic tests for ozone is its effect on mer- 
curic. The metal at once loses its mobilit\c, and adheres to the surface 
of the glass in a thin mirror. A single bubble of ox^^gen containing 
ozone will alter the appearance of several pounds of mercury, taking 
aw'ay its lustre and the convexity of its surface. Free a-oxygen has 
no action on potassium iodide, w’hereas /3-0 decomposes it into free 
iodine and potassium hj^drate. Potassium iodide and starch paste, 
or paper smeared over with a mixture of the tw^o, when exposed to 
p-oxygen, becomes of a purple or deep blue colour, tlue to the liberated 
iodine combining with the starch, 

Oxj^gen is most easily obtained from chlorates bjc heating them. 
The gas is a little heavier than air (*2), and ma\" bo collected by down- 
wrard displacement of air in a bottle, wdth care, but is most generally 
collected over ’water. 

* A solution of copper oxide in ammonia, rendered colourless by digestion 
with excess of metallic copper; otherwise a solution of cuprous oxide in 
ammonia, absorbs oxygen and turns blue. This is a very delicate test for free 
oxygen. The reagent is best made by dissolving cupric chloride in strong 
HCl, and boiling the solution with some copper turnings. It will produce a 
dark-brown solution, which is thrown into a considerable quantity of w^ater 
which has previously been boiled to expel air, and then cooled. A white pre- 
cipitate of CugClg is formed, which may be washed with dilute alcohol and 
dried. It will then keep any time. A small quantity is then dissolved in 
strong ammonia in a small bottle kept quite full and also containing copper 
turnings. Taking out the stopper in the air will be suflicient to cause a blue 
coloration. Ferrous oxalate dissolved in an alkaline oxalate also absorbs O 
rapidly, turning dark red. 
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EXPERIMENTS. 

I. Pound up about 5 grms. potassium chlorate, introducing into a test 
tube or small flask with cork and delivery tube, heat until the salt melts and 
boilS; collect th^gas in several tubes or cylinders, best over water. It is 



Fig. 17, 


much safer to mix a little, about 1 grm., MnOg (or a still smaller quantity of 
KgMOgOs) with the chlorate first. The gas then comes off more regularly and 
less violently than with a chlorate alone. Should the tube get stopped up by 
particles of chlorate it becomes a very dangerous experiment. In one tube 
introduce a piece of charcoal held by a wire, which has been 
just lighted at one point — it will begin to burn brightly ; ora 
taper, blown out so as to leave only a spark, will re-light, and 
burn brighter than in air. In another tube of the gas suspend 
a piece of neutral-tint litmus paper, and a piece of iodised 
starch paper ; neither should be affected if the oxygen be pure. 

II. Oxygen is completely absorbed by an alkaline solution 
oi pyrogallol. To prove this, collect about half of a tube of 
oxygen over, measure, or indicate where the water stands by a 
strip of paper stuck on, unless the tube is graduated ; then 
introduce a few cubic centimetres of a solution of pyrogallol, to 
which some soda or potash has been added. This is easily done 
by means of a bent pipette made from a glass tube. 

N.B. — Experiment II. is best done in a tube over mercury. 

The other absorbents, ferrous exalate, &c., may then be tried. 


Fig. 18. 



SUJjPHUR, S", Several varieties. Atomic weight, 31 '98. 
Specific gravity, a (rhombic) = 2*07 ; /3 (monoclinic) = 1*96 ; y 
^amorphous) = 1-92. Melting point depends on variety, ranging 
between 112'^ 0. and 120° C. ; solidifies, 114° O. Boiling point, 
440° C. Is found in nature in the free or native state in the 
neighbourhood of extinct, as well as active volcanoes, in Sicily, and 
many other places. 

It occurs in commerce either in sticks, known as roll sulphur, or 
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in the amorphous state as a pale yellow powder, known as flowers or 
flour of sulphur. 

It is a very bad coVductor of heat and a non-conductor of 
electricity. Is exceedingly brittle under a sharp blow and cracks in 
all directions when a piece is rapidly heated. 

Sulphur inflames, when heated just to vaporising, with a bluish 
flame, producing sulphur dioxide gas, SO,, which has a pungent 
odour. It is not attacked by dilute or concentrated HCl, but decom- 
poses concentrated sulphuric acid on heating, with evolution of SO,, 
and formation of W’ater : 

S + 2H,SO, = 3SO, + 20H,. 

It is oxidised slowly by fuming nitric acid, more readily under 
pressure, also by hydrochloric acid and potassium chlorate, and by 
aqua regia, with formation of sulphuric acid. Permanganate also 
oxidises it slowdy. 

It is dissolved freely by carbon disulphide, less readily by oil of 
turpentine, both of w’hich deposit crystals of sulphur on evaporation. 

Caustic alkalies also dissolve sulphur readily with formation of 
metallic sulphydrate and thiosulphate, 

4KHO + S, = 2KHS + 11,0 + K,SA- 

Sulphur vaporises to a slight extent at ordinary temperatures, 
so that some metals, as Cu, Ag, Hg, Pb, placed in its vicinity become 
slowly converted into sulphides. The halogens, and nn^st metals, 
even those that do not oxidise, combine wdth sulphur directly. It 
can exist in three, possibly four, states of combination, especially 
with oxygen, giving rise to various classes of com]iounds. 

Sulphur is best recognised by means of its tw o well-know n oxida- 
tion-products, sulphurous and sulphuric oxide, SO,, SO 3 ; oxides of 
the forms S^Og and S^O^ also exist, but are very unstable. 


EXPERIMENTS. 

I. Heated in the tube sulphur melts and becomes much darker in colour • 
before taking fire it sublimes and forms a pale yellow coating on the upper 
cool part of tube. A small piece may be entirely evaporated without taking 
fire in the air current. Heated more quickly it takes fire and burns with very 
pale blue flame and a faint white smoke escapes. On holding a piece of 
moistened blue htmus paper over the open end of tube, it becomes red from 
ac.;ion ot oxide SOo, at same time odour of gas is perceptible. A test tube 
moistened inside with lime or baryta water, as with CO.,, becomes clouded or 
whitened. A piece of filter paper just coloured with a drop of permanganate 
solution becomes bleached. Bichromate may also be used, it becomes green 
on contact with the SOj. COj does neither of these. 

II. Melt and boil some sulphur in test tube or flask and pour out in a thin 

stream, whilst hot into cold water ; an elastic mass is produced called plastic 
fi^hours drawn out into threads, but becomes brittle again in a 

III. Hydrochloric has no action on sulphur. Sulphuric, concentrated. 
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dissolves it on heating, becoming yellow coloured. If boiled on it SOj is 
formed, but slowly. 

Nitric oxidises sulphur slowly when boiled om it. Alkalies, as KHO and 
NaHO, dissolve it, making a yellow solution. Oif putting HCl to this solution, 
some sulphur is precipitated as a white powder. 

IV. Turpentine when hot dissolves it easily, and on cooling, crystals of 
sulphur are obtained. Boil the sulphur in the turpentine in a test tube and 
pour the solution into a dish to crystallise. 

Carbon disulphide, CS.^, dissolves sulphur most easily, without heating. 
On evaporating in the dish spontaneously by exposure to the air long crystals 
may be obtained. 

V. Dropped into melted KNO^ sulphur burns with a white flame, the 
product is KgSO^ and nitrogen and sometimes oxides of nitrogen escape. 


NITROGEN, Atomic weight, 14. Specific gravity, 

0*963. Specific gravity of liquid at 0° O. and 275 atmospheres pres- 
sure =0-37 ; liquid under ordinary pressure at - 193''--200°. 1 litre 

weighs 1*245 grm. — ^Nitrogen exists in the air in the free state 
mechanically mixed with oxygen ; and combined in certain salts, as 
nitrates, and in both vegetable and especially animal substances. 

Nitrogen does not combine with ordinary combustibles, as char- 
coal or a taper, nor is it combustible itself under ordinary conditions. 
But when a powerful induction spark passes through a mixture of 
nitrogen and oxygen (air) a decided combination takes place, and if 
the spark be a moderately large one the appearance of a flame, which 
can be blown about, is produced between the terminals of the coil. 
Oxides of nitrogen are the result. With some few elements it com- 
bines quite energetically, for instance, titanium, boron, magnesium, 
and with others, but less easily. Otherwise it is somewhat inert, 
being neither acid nor alkaline and not affecting any liquid reagent. 
Most of its compounds are “ endothermic,” some of them to a con- 
siderable extent, relatively, and are in consequence more or less 
explosive. 

It is difficult to obtain pure nitrogen from air, although present 
in such a large proportion (80 per cent.), on account of the argon 
also present. 

It may be obtained pure from nitrites and ammonia salts by the 
reaction : 

KNO, + NH,C1 = KOI + 2Rp -i- N,. 


EXPERIMENTS. 

I. About five grams potassium nitrite and four of ammonium chloride will 
give sufficient nitrogen to examine its properties. They are dissolved in water, 
not too much, in a small flask or large test tube fitted with cork and tube, and 
on warming gently the action commences and the gas may be collected in a 
few tubes over water. 

II. Suspend in a tube of the gas ^loistened litmus, blue and red, they 
should not change. 

III. A lighted match is extinguished on being put in the gas. 

IV. The gas is not absorbed by potash or any other reagent. 

V. A glass rod dipped in lime water and held in the gas is not altered. 

VI. Some of this nitrogen should be tested as follows to see the combina- 
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tion with magnesium. A tube is arranged somewhat as in Fig. 19. Nitrogen 
is driven through for some time to expel air and then the stopper cwsed. 
On now heating the Mg to redness absorption will take place and the 
mercury rise in the long tub€^ showing that almost a vacuum is produced. 

The magnesium nitride pilbduced is red whilst hot, and very pale yellow 

when cold. On placing in water 
the nitride decomposes, giving off 
ammonia : 

Mg 3 N., + 3H.p = 3MgO + 2 NH 3 . 

Mg ribbon burnt in air combines 
also with some N, and on putting 
the white ash in water a little 
ammonia is formed. 

PHOSPHORUS, P', 

a, y. Atomic weight, 30*9G. 
Vapoui" density, 4*35 to 4*50. 
Specific gravity, ordinary waxy, 
1.7(;_1-83. lied /3, 2*20; 
metalline y, 2*34. Melting 
point, 44 \ — Phosphorus never 
occurs in nature in the free 
state, but chiefiy in combi- 
nation with lime and alumina 
as phosphates.^* It comes in 
commerce in two forms — viz., 
common colourless or octoliedral phosphorus, usually in the form of 
sticks, and the red or amorphous phosphorus in the form of powder. 

Ordinary phosphorus is nearly insoluble in water, readily soluble 
in chloride of sulphur and carbon disulphide, from which crystals of 
phosphorus can be obtained on evaporation, and in most organic 
liquids as ether, alcohol, benzene, vegetable and mineral oils, etc. &c. 
The luminosity of free phosphorus in the dark, and the peculiar 
smell of this element produced when it is exposed to air and slowly 
oxidising, renders its detection comparatively easy. Phosphorus i& 
a bad conductor of electricity either in the fluid or solid state. 
It is highly poisonous. 

Ordinary, or a-phosphorus, is extremely inflammable, taking fire 
in the open air, often spontaneously ; it burns with a yellowish-green 
flame, emitting dense white fumes of phosphoric anhydride and 
some lower oxides. 

It is not attacked by strong hydrochloric acid except under pres- 
sure, but concentrated sulphuric acid is reduced by it to sulphurous 
anhydride, and on heating even to sulphur. 

Nitric acid oxidises it to phosphoric acid on long-continued 
boiling. 

V ery minute traces of free phosphorus may b^detected by the 
characteristic flame like that of phosphoretted hydrogen, which is 
evolved when the substance containing it is exposed to the action of 

* See Calcium and Alumina for minerals. 
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nascent hydrogen. The substance is introduced into a flask fitted 
up like Marsh's apparatus for the detection of arsenic. If phos- 
phorus be present, the evolved gas contains phosphoretted hydrogen, 
and will burn with a green flame when tl/e end of the jet is kept 
cool. The burnt gases may also be aspirated through a nitric acid 
solution of ammonium molybdate, when a characteristic yellow 
precipitate will be formed, or through a solution of AuClg, when 
an intense red colour will be produced by the reduction of metallic 
gold in a fine state of division. A piece of blotting-paper, moistened 
with silver nitrate, and held in the gas, will become brown or black 
when only most minute traces of phosphorus are present. Sulphides 
must, of course, be absent. 

Red, or )3-phosphorus, is obtained by heating a-phosphorus to 
between 300° and 400° out of contact with air. It is insoluble in 
all solvents, and not acted upon by oxygen at the ordinary tempera- 
ture. It burns like a-phosphorus, howev^er, when heated in the air 
to about 300° O.* Chlorine or iodine combine with it directly, and 
if water be present both hypophosphorus acid, HPOg, phosphoric 
acid and a haloid acid are produced. 

The phosphoric acid may then be tested for by a nitric acid 
solution of molybdate. A very small particle of /3-phosphorus, a bit 
of safety-match box striker, will give the reactions of phosphorus on 
warming with a small crystal of iodine and one drop of water in a 
test-tube, and after the reaction a few drops of nitric acid and 
ammonium molybdate added. Phosphorus ds contained in some 
alloys known as phosphor bronzes. 


EXPERIMENTS. 

Waxy phosphorus is sold in sticks or rods and kept under water ; they 
have generally a whitish coating, supposed to be produced by the action ot 
light. Amorphous, or red phosphorus, is a powder of more or less purple-red 
colour. 

Very great care mmt he taken in handling waxif phosphorus as it is liable to 
take fire in air and the burn is difficult to heal. It must he cut whilst wet with 
water and dried by a little blotting paper. For the experiments a very small 
piece, not larger than an ordinary match head may be taken: The same 
amount will also be enough of the red phosphorus. 

I. Heated in a tube ordinary P. melts on very gently warming and gives 
off a peculiar odour. It very quickly takes fire and gives a thick white 
smoke ; a piece of blue litmus paper held in this smoke, as it escapes from 
the upper end of tube, is reddened. The tube will have yellowish or red 
rings left in it above where the piece cf P. was. These are due to some of the 
red or /3-P. formed by some phosphorus vapour being heated to the “chang- 
ing ” temperature. /3-phosphorus requires to be much more strongly heated 
before it takes fire. The same products are formed as it burns. 

II. A tiny piece of waxy P. dropped into about half an inch of turpentine 
or sulphide of carbon in a test tube dissolves almost immediately on contact. 
On allowing the solution to evaporate in a dish or pouring a few drops on 
blotting paper it takes fire spontaneously when the solvent has evaporated. 

III. Sulphuric when concentrated and boiled on phosphorus oxidises it. 
SO 2 , and sometimes even sulphur being liberated. Strong nitric oxidises and 
dissolves both kinds of P. the waxy quicker. Red fumes of oxides of nitrogen 
are evolved and phosphoric acid formed. On evaporating the nitric away a 
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olear glassy .sobstance, metaphosphoric acid, is left. Hydrochloric acid has 
no action on either kind of phosphorus. 

IV. A small piece of dry a-phosphorus, very gently warmed in a t^t 
tube with a tiny crystal of '.'odine, rapidly undergoes the change mto the 
8 modification. At the same time some phosphorus iodide, rl,, is forme^ 
If any moisture be present this decomposes and fumes of HI escape from the 

V. Alkalies, including CaO and BaO, but not ammonia, when warmed 
with a-phosphorus give off PH, and a salt of HjFO.^ is formed. This should 
be done in a test tube only. It may have a cork and delivery tube. 

3Ba(OH)j + 2P« + BH^O = 3Ba(HjPO.,)j + 2PH,. 

VI. Phosphorus, either a or /3, combines directly with metals. Place a 
small particle of /3-P. on a piece of platinum foil — heat over the flame. At 
about the temperature of changing a phosphide of platinum forms and melts 
a hole. 

The Halogens, — ^The four substances, F, Cl, Br, I, form a very 
-well marked group of elements. This is shown both by their physical 
and chemical properties. 

Boiling points of the halogens in absolute degrees : 

p 87° = -106" 

Cl 240° = - 36° 

Br 337° + 64° 

I 460° +187° 

FliITORINEy P'. Atomic weight, 19. — Fluorine occurs in 
combination with calcium, aluminium, potassium, sodium, «fec., in 
minerals like fluor spar, cryolite. It is also found in the teeth and 
bones, and in many silicates and phosphates, and hence occurs in 
soils in small quantities, from whence it is taken up by plants. The 
hydrogen compound of fluorine is treated of under “ Acids.” 

Fluorine is a gas, under ordinary conditions of temperature, which 
attacks nearly all substances, metals or non-metals, and many com- 
pounds, especially if they contain hydrogen. With oxygen and 
nitrogen it does not seem to combine. 

The most satisfactory method of preparation (isolation) is by the 
electrolysis of KF in solution in anhydrous HF, at a low tempera- 
ture in a platinum vessel. Glass vessels cannot be employed at any 
temperature much above that of boiling oxygen (-183°) on account 
of the formation of SiF^ which seems almost as strong a tendency as 
that towards hydrogen. On cooling to about — 187* fluorine forms 
a pale 'yellow liquid of great mobility. At this low temperature 
nearly all its chemical activity ceases, for silicon, boron, carbon, 
sulphur, phosphorus, and some other elements are not affected, nor 
are iodides decomposed, but benzene and turpentine become incan- 
descent and with hydrogen it explodes.* 

Liquid fluorine seems to mix in all proportions with liquid air 
It does not solidify at - 210°. Its density is 1-14 ; its capillarity is' 
le<5s than that of liquid oxygen ; it has no absorption spectrum and 
is not magnetic.' 

* Moissan and Dewar ; Chem. See. Nov. 1897. 
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EXPERIMENTS. 

A most characteristic property of fluorine is its affinity for silicon, whether 
free or combined. In consequence it attacks g/ass and all substances con- 
taining silicon. The hydrogen compound of fluorine — HF — decomposes silica, 
SiOj, the F uniting with the Si. 

I. Pound up some fluor spar — CaF 2 -— or cryolite (NaF)g AL^Fg, put in a 
leaden or platinum dish and pour on concentrated sulphuric acid ; cover a 
glass plate with a very thin layer of wax or paraffin, and scratch with a sharp 
point some design or words through the wax, and then cover the lead or 
platinum dish containing the mixture of fluoride and acid with it. Place the 
dish in a warm place for a short time — take off the plate — warm over a lamp 
to melt the wax, which can then be wiped off, and the design eaten or etched 
into the glass should be visible. 

The compound formed between fluorine and silicon is SiF^, a gas which 
on contact with water decomposes, gelatinous silica being deposited and a 
complex acid, hydro-fluo- silicic, 2HF, SiF 4 , left in solution. 

This acid is sometimes used as a reagent. 


CHIiORINTEjCrand'". Atomic weight, 35*37. Specific gravity, 
liquid = 1*33 ; gas = 2*449, air = 1. — Chlorine never occurs in the free 
state, but chiefly in combination with the alkaline metals, as NaOl, 
KCl, and also with magnesium. It liquefies under a pressure of G 
atmospheres, at 0*^ O., or at a temperature of 33*0° at 760 mm. The 
liquid does not conduct electricity and is not very active chemically. 

Chlorine at ordinary temperatures is a greenish-yellow gas, 
which exerts a poisonous and irritating action on the air passages. 
It dissolves in about half its volume of cold water, and it is commonly 
used in this form in the laboratory. The water solution on cooling 
gives crystals of a hydrate. 

Chlorine combines with the metals directly, and with many of 
the non-metallic elements. Its solution in water decomposes on 
exposure to light, HCl being formed and oxygen liberated. When 
heated with steam the same decomposition also takes place. 

Chlorine will at elevated temperatures expel oxygen from nearly 
all the metallic oxides. N.B. — The reverse action can take place. 
See ante (Chlorides, &c., heated in air.) 

The presence of free chlorine is indicated by its powerful odour, 
its bleaching action on vegetable colours, its action on potassium 
iodide and starch (formation of blue iodide of starch), and when in 
very small quantity, by its secondary oxidising action on a solution 
of pure ferrous sulphate mixed with ammonium sulphocyanate, 
NH^SCy, whereby a deep red colour is produced. 


EXPERIMENTS. 

I. Mix 12 grms. salt, NaCl, witb nine manganese dioxide, MnO^, intTodne© 
into a small flask or wide test-tube ; moisten with very little water, and then 
add about 5 cc. strong sulphuric, and insert a cork with tube. The gas can 
be best collected in dry cylinders or test-tubes by leading the delivery-tube to 
the bottom ; the tubes may be covered with watch-glasses. Collect three or 
four test-tubes full by displacement of air by the heavier gas, and also let the 
gas bubble through water in a test-tube half full. The water will become 
coloured yellow-green. 


I 
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II. In one tube of the gas hold a piece of moist blue litmus paper , it 
becomes immediately bleached, almost befoie it has time to turu red. 

III. In another drop a small piece of tinfoil; it melts down apparently 

and forms a fuming liquid ; the third tube put a very small piece of ^al 
gold leaf ; this also will be acted upon and combine with the chlorine, ana a 
yellow liquid will result after adding one drop of water. In a fourth tube or 
the gas insert a lighted wax taper ; it will be seen to burn very dimly, ana 
give a copious deposit of carbon as soot. . 

Chlorine^ in fact ^ unites directly with Tiearly all the elements, the only striking 
exceptions being carbon and oxygen and nitrogen, 

IV. The solution of chlorine in water will also bleach many ordinary 
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colours, such as indigo. Pour a dilute indigo solution into the chlorine water, 
the blue colour is totally destroyed. 

V. Chlorine is stronger chemically than either bromine or iodide. Place a 
few crystals of potassium bromide in one tube, and some of potassium iodide 
in another. Now put the delivery tube from the chlorine apparatus into 
these in succession ; one will become reddened by the liberation of bromine 
the other nearly black by the liberation of iodine. 

BROMINE^ Br and'''. Atomicweight, 72*77. Melts at 7*3'' C.; 

boils at 59*27° C. under 760 mm. Specific gravity = 3*15. Bromine 

occurs mostly in combination with the alkaline metals; and as bromide 
of silver in Mexico and Chili. At ordinary temperatures bromine is a 
liquid of deep brown colour almost black; the vapour has a peculiarly 
disagreeable odour ; in the solid form it is dark grey and crystalline, 
with a semi-metallic lustre. In both states it is a non-conductor of 
electricity. It is very volatile ; a few drops put into a flask speedily 
fills it with red vapours. Bromine dissolves sparingly in water 
more readily in alcohol, on which it slowly reacts, and in all propor- 
tions in ether, carbon disulphide, and chloroform. 
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Bromine does not unite directly with oxygen ; but when passed 
through a red-hot tube with water vapour, oxygen is set free, and 
hydrobromic acid is formed. Bromine isAhe only liquid element 
at ordinary temperatures except mercury. Bromine and its com- 
pounds resemble chlorine and its compounds very closely, although 
it is not so energetic. It bleaches organic colouring matters, but 
less quickly than chlorine does, and combines directly with metals to 
form bromides, but its action is less powerful than chlorine. Bromine 
forms only one compound with hydrogen — namely, hydrobromic 
acid, but, unlike chlorine, these two bodies do not unite when 
brought together in sunlight. 


EXPEEIMENTS AND TESTS. 

I. Put a few drops of bromine into a good sized flask ; it evaporates 
without heating and red fumes fill the flask (be careful not to breathe these 
fumes), hang in the neck of the flask a strip of moistened blue litmus paper, 
it will turn red and yellow, and then gradually lose its colour or bleach. 

II. Hold for a moment a strip of blotting paper that has been dipped in a 
solution of potassium iodide and starch in the neck of the flask — ^it will be 
blued as was the case with iodine and starch. The bromine has liberated the 
iodine from the potassium and taken its place. 

III. Cold solution of soda dissolves bromine to a colourless solution 
containing hypobromite, bromide and bromate. On evaporating in a dish a 
white crystalline residue is left. 

IV. The solution of soda to which bromine has been added bleaches a 
piece of litmus paper quicker than bromine itself. This is due to NaBrO. 

Bromine added to hot KHO or NaHO solution forms some bromate, which 
may be obtained in crystals on cooling. 

Dilute ammonia dissolves and combines with it, forming bromide. Some 
nitrogen may be liberated. 

Hydrochloric, sulphuric, and nitric acids have no action on bromine. 

A strip of lead held in bromine vapour or in a solution of bromine, either 
in water, or any other solvent, becomes coated with a pale yellow substance, 
PbBr^. 

IODINE, I' and Atomic weight, 126*56. Specific gravity, 
4*91:8. Melting point, 113-115° C. Boiling point, 187° C. — Iodine 
is a bad conductor of electricity, and possesses a less penetrating 
odour than chlorine or bromine. 

t ^ It occurs in combination with the alkaline metals, as iodides of 
potassium and sodium in kelp ; also in several minerals, as iodides of 
mercury and silver. Much is obtained from Chili saltpetre, where 
it exists as Nal for the most part. 

Iodine is a shining, crystalline, opaque, blackish-grey solid ; it 
crystallises by sublimation in the rhombic system in the form of 
prisms. It is sparingly soluble in water, more readily soluble in 
alcohol and ether, easily in carbon disulphide, and in the solution of 
an iodide."* 

Iodine forms only one compound with hydrogen — viz., hydriodic 
acid. Iodine combines both with chlorine and bromine in at least two 
proportions. 


* These are no doubt compounds. 



,32 IODINE. EXPERIMENTS. 

This element has more affinity for oxygen than either Cl or Br, 
uniting to a slight extent du-ectly, and is readily oxidised by nitnc 
acid, or permanganate aiW other oxidising agents, forming several 
well-defined and stable oxides and anhydrides. 


EXPERIMENTS AND TESTS. 

I. Heated gently in a tube iodine vaporises, even before melting, and 
gives a fine violet vapour ; shining blackish crystals form on the cool parts of 
tube ; the vapour has an irritating effect on the eyes and a peculiar odour, 
something like seaweed. 

II. A piece of ordinary white paper, or better a little blotting paper with 
some starch spread on it, held over the upper end of tube becomes purple-blue 
in colour. 

III. A piece of blotting-paper moistened with silver nitrate or lead acetate 
held in the fumes becomes yellow. 

IV. A tiny globule of mercury and a crystal of iodine warmed together in 
a test tube unite energetically and a yellow compound, HgL>, sublimes in the 
tube — the yellow sublimate turns pink on cooling or rubbing, 

Y. Hydrochloric has no action on iodine. 

Sulphuric dissolves it merely ; the solution is brown-red. 

Nitric strong, when boiled with iodine, partly oxidises it to a white sub- 
stance, which may be obtained on evaporating off the acid in a dish ; it is 
mostly iodic acid, HIO3, but contains a higher oxygen compound as well. 

VI. Soda dissolves it readily when warmed with it, forming iodide and 
iodate, both of which crystallise. 

The iodates are far less soluble than iodides, or even chlorates. 

AVarm ammonia also dissolves it completely when dilute : when concen- 
trated a brown powder is produced, NHI2, which is mo^t highly explosive 
when dry. It must not be made in any quantity. About half a gram (or 10 
grains) of iodine, and five cubic centimetres of strong ammonia, are mixed in 
a small dish. After a few minutes the dark brown liquid can be poured off 
and replaced by water, and this again poured off after the brown substance 
has settled. On drying this substance In sniffU jmrtlous on hlottinf/ paper 
spontaneously in the air, its explosiveness may be tested bv rubbing it gently 
with a feather or quill pen. 

Carbon disulphide is the best solvent for iodine ; the solution has the 
same colour as the vapour of the element. ; it gives crystals on evaporation. 

Turpentine is acted upon verv energei icall v when iodine is warmed with 
it, much hydroiodic acid, HI, being formed. 


HYDROGEN, H. Standard of atomic weight (1). Gaseous 
down to — 2o4 , At about this temperature it liquefies under ordinary 
atmospheric pressure. 

Its chief compound is water ; is also contained in acids, and many 
other classes of compounds. There are no good solvents known, 
metals, of which the most characteristic is palladium, 
which absorbs some hundreds of times its volume of hydrogen gas. 

IS action takes place under ordinary temperature and pressure, and 
a so at high temperatures (500^), when the hydrogen is supplied 
under ^essure. It has been suggested that this ‘^occluded"' or 
isso \ e gas would be a good source of chemically pure hydrogen, as 
palladium does not absorb other gases 0). 

chemicarmeUW^ water furnishes a purer gas than most ordinary 
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For common purposes it can be obtained by the action of metals 
on steam or dilate acids, HOI or HjSO^, or alkalies, KHO or NaHO. 
(See Metals.) / 


EXPERIMENTS, 

Prepare the gas from pure zinc and dilute HCl in an apparatus like the 
one used for nitrogen. 

I. It is 14*4 times lighter than air, and may, if collected in a test-tube, 
be readily poured upwards from one to another several times, displacing 
the air each time. Collect several tubes full, and stand them in small 
beakers over water. Hold the tubes with open end downwards whilst doing 
the experiments. 

II. Red and blue litmus papers are unaffected by the gas. 

III. A lighted match or taper is extinguished, but the gas itself bums. 

IV. A rod dipped in lime water and held in the gas is not affected. 

y. Set fire to a test-tube full of the gas and hold a bright steel blade in 
the fiame. It becomes covered with moisture. 

The gas is not absorbed by potash or other reagent. 

The presence of hydrogen in compounds is usually detected by 
the formation of water by some process or other. In some inorganic 
or mineral compound, as HCl or NHj, this can be done by heating 
with some metel as Na or Zn. As it is not absorbed by liquid 
reagents and most other gases excepting N are, it can then be dried 
by collecting over H^SO^, standing a little time, decanting to a tube 
over dry Hg, a little dry 0 added, and a wire or strip of Pd, sealed 
on a glass rod or platinum wire, introduced. The Pd causes the 
H and 0 to unite, and the sides of the tube may become moistened 
from HjO formed, or a small piece of dry CuSO^ may be pushed 
through the Hg, when, if HgO is formed, it will become blue. In 
organic compounds the H is always oxidised to water, either by 
heating in dry oxygen gas or with CuO. 


The “ halogens ” cannot be obtained, practically, by heating their 
compounds with the common metals, but the haloid compounds of 
Au, Pt, Pd, and one or two other metals of that class, are decomposed 
on heating to redness. Many haloid salts may be electrolysed in 
water solution and the haloid collected. Most, if not all, haloid salts 
electrolyse easily in a fused state. The ordinary methods of obtain- 
ing Cl, Br and I depend on the oxidation of the hydrogen compounds. 
The action of bleaching is the reverse of this, as it depends on the 
halogen taking hydrogen from water and liberating (probably) active 
oxygen. 



CHAPTER VIII. 

REACTIONS OF THE ACIDS. 

A. Inorganic Acids. 

CARBONIC ANHYDRIDE, CO,.— Occurs in the atmosphere 
and in mineral waters. In the combined state it forms a constituent 
of many minerals, called carbonates, which have for the most part 
been enumei'ated in speaking of the natural compounds in which the 
different metals occur. 

CO, may be liquefied by about 75 atmospheres pressure at the 
ordinary temperature. The liquid evaporates very rapidly, with 
great absorption of heat, solidifying some of the remaining liquid. 

The density of the gas C0,= 1’519. The liquid at 0 C. = 0‘9471. 
Water = 1. The gas will not support the burning of a taper, but 
will give up its oxygen to potassium or sodium or magnesium when 
they are heated in it. When the gas is brought in contiict with moist 
metallic oxides, it is absorbed, with direct formation of carbonates. 
Calcium or barium oxides in aqueous solution are used for this 
purpose, as white insoluble precipitates are formed in each ca.se, a 
very small amount of which is visible. 


EXPERIMENTS. 

Prepare and collect several large test tubes* of the gas by acting on 
CaCOj with dilute HCl in an arrangement like that figured for Chlorine (tvhieh 
see). Collect by downward displacement. 

I. In one tube introduce a strip of moist blue litmus paper ; it will become 
claret coloured. 

II. Pour lime water into tube ; it becomes milky, 

CaH.O, + CO, = CaCO, + H,0. 

III. Introduce burning taper ; it will extinguish, and the gas does not 
burn. 

I\ . Introduce burning magnesium ribbon ; it will continue to burn feebly, 
and black specks or dust, C, will be found along with MgO in tube. On adding 
HCl the MgO dissolves, leaving the 0. 

Potassium or sodium heated on a defiagrating spoon and introduced in gas 
will glow brightly, also leaving black carbon. 


DRY REACTIONS. 

On ignition some carbonates lose CO,, others remain unchanged. 
Ihe carbonates of the fixed alkali metals are very little decomposed 


* So-called boiling tubes. 
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by the strongest heat up to temperatures obtainable in a platinum 
crucible. At very high temperatures they are somewhat volatilised. 
The acid carbonates of the alkalies are tyduced by heat to normal 
carbonates, with evolution of CO,. The carbonates of aU other 
metals are decomposed more or less readily into oxides (or metals), 
carbonic anhydride (and oxygen) being given offi Barium and 
strontium carbonates require the strongest white heat for their de- 
composition ; calcium carbonate requires a strong red heat. Most 
others are readily decomposed on heating. 


REACTIONS IN SOLUTION. 

All normal carbonates, that is (M'^CO, or M"CO,), may be divided 
intio — 

1st. Carbonates which are soluble in water, consisting of the car- 
bonates of the alkali metals, Li, Na, K, Cs, Rb; they 
possess an alkaline reaction. 

2nd. Carbonates which are insoluble in water; this comprises 
most other normal carbonates. 

3rd. Acid carbonates or normal salts in presence of carbonic acid 
in solution in water are soluble. They are all, however, 
precipitated on boiling their CO^ solutions, the CO^ escaping 
and a normal carbonate being thrown down. 

All carbonates are decomposed by dilute acids — organic or mineral 
(with the exception of HCy and SHg). The decomposition is marked 
by effervescence and evolution of CO^. On passing the evolved gas 
into a solution of calcium or barium hydrate, the carbonic anhydride 
forms a white precipitate (soluble in excess of the gas with formation 
of acid carbonates). 

Metallic sulphites, sulphides, and nitrites are likewise decomposed 
by dilute acids with evolution of a gas ; but the evolved SO^, SH^, or 
nitrous fumes are readily recognised by their characteristic odour or 
colour. In order to recognise CO^ in the presence of SO^ or SH,, 
the gaseous mixture may be first passed through a solution of a 
chromate or bichromate, or bromine-water, or a solution of a cupric 
or ferric salt, and finally into lime- or baryta-water. (See also 
methods of separation of CO^, SO^, &c., in Tables.) 

CARBONIC OXIDE9 00 .— Molecular weight, 28. Specific 
gravity, 0'06799. — ^This gas burns in air with a blue flame and the 
production of carbonic anhydride. It is perfectly neutral to vege- 
table colours, and sparingly soluble in water, which only dissolves 
about :^th of its bulk at 15° C. 

It is rapidly absorbed by cuprous chloride in hydrochloric acid ; 
also by ammoniacal solutions of cuprous salts. 

Carbonic oxide is always a result of the reduction of CO^ by carbon 
and by most metals at a high temperature. 

Some metals as iron, and especially nickel, combine directly with OO, 
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forming peculiar compounds, as Ni(CO)^ nickel carbonyl^ Pote^um 
also combines directly, the compound being very probably K,0j,0^4P 
n(COK); it is decomposed by water very violently. 


EXPERIMENTS. 

Carbon monoxide can be prepared most easily from formic acid, HCO^H, 

by the action of HgSO^. ^ i 

I. The H2SO4 is heated gently in a distilling llask or ordinary flask, with 
cork, tap, funnel and delivery tube, and the formic acid, or a formate, dropped 
slowly in. The CO is evolved, and may be collected in several tubes over 
water. 

CO is very poisonous, and care must be taken not to breathe any. 

II. To one tube introduce blue litmus ; it should be unchanged. 

III. Introduce a lighted taper ; it becomes extinguished, but the gas 
burns with a blue flame. 

IV. Ignite another tube of the gas, and then pour in some baryta or lime 
water. 

V. Pour lime or baryta water into a tube of the CO. It should not become 
milky, whilst in IV. it will, owing to 2C0-f02 = 2CO2, the action taking place 
when CO burns. 

VI. Transfer a tube of CO from the water to a small dish in which a 
solution of CU2CI2 in HCl has been placed ; the liquid will rise in the test tube 
as the CO is absorbed. 


STTIiPHURIC ACID, H2SO4, is the final stage of oxidation 
of sulphur. It is a very strong acid in this respect ; it is capable of 
displacing, within a moderate range of temperatiii e, almost all other 
acids from saline compounds. 

It forms with bases a seides of very important salts — the 
sulphates, some of which have already been enumerated in treating 
of the natural compounds of the various metals. 

The acid is derived from the oxide SO3, which is produced to a 
small extent when sulphur is burnt in oxygen. SO,, sulphur dioxide, 
also forms &O3 when heated along with air in contact with platinum. 
This may be seen by introducing a red-hot platinum wire into a 
mixture of SOg and air or oxygen. It combines witli water to form 
HgSO^. What the precise “ structure ” of this body is is not known. 
It may be 



O 0 ~H 



or 

even 


O H 

\ I 

O S— 0~H 


The probability is in favour of the first. 


compound is formed by gently heating the metal in a 
hpinw Q i!r’ i Thy product is a liquid, the vapour of which decomposes 
thi bright metallic nickel depositing. It is ditticult to imagine 
ought to be^ than divalent in this compound, if so, its constitution 

CO 

1 -.CO 
Ni i 
k -CO 
CO 
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On a large scale the acid is made by the oxidising action of nitric 
acid, and oxides of nitrogen, on SO3. This action can be repeated in 
a test-tube. Place a few drops of strongs nitric acid in a test-tube 
and then drive in SO^ gas. Red fumes will first appear due to the 
action : 

SO, + 2 HNO 3 = SO 3 + H,0 4- NA. 

If the SO, supply be continued the red fumes cease and white 
crystals form on the tube, but if some water be added the crystals 
will disappear and a further quantity of H,S04 will fortn. The 
white crystals are SOjN^O,,* which with water give SO3H2O + N^O,. 
The latter escapes, mixes with air and becomes N^O^. If plenty of 
water be present at the beginning none of these crystals are formed 
but NgO,. In the sulphuric acid manufacture this N^O, is brought 
in contact with air so that it can act as a carrier of oxygen to 
the SO,. 

On heating the liquid in the test-tube until whitish fumes b^in 
to form at the mouth of the tube, all the excess of water and oxides 
of nitrogen are driven off and a few drops of strong sulphuric acid 
(oil of vitriol) will be left. 

The action of this on a piece of filter paper or sugar should be 
noticed. The paper will turn black and a hole formed in it. The 
sugar will also blacken. Both actions are due to the abstraction of 
the oxygen and hydrogen from these organic substances and their 
combination with the strong acid in the form of water. The sub- 
stance HgSO^ can form a number of definite hydrates” with water, 
and the combination is a very energetic one. 


DRY REACTIONS. 

On heating a sulphate on charcoal, in the reducing flame, together 
with pure sodium carbonate, sodium sulphide is formed thus : 

MgSO^ -f 20 + Na3C03 = SNa, + MgO -f 3C0,.,t 

The fused mass when treated with an acid (HOI is best generally), 
gives off SH, readily recognised by its odour. When placed on a 
bright silver coin and moistened with a drop of acid, it produces a 
black stain of silver sulphide. This reaction on charcoal with Na,003 
applies, however, to all compounds containing sulphur. 

Heated by themselves, the sulphates of the fixed alkalies and 
alkaline earthy metals, as well as of lead, are not decomposed. 
Acid sulphates (HKSO^, &c.) are converted at a bright red heat 
into normal sulphates, with evolution of sulphuric acid. Other 
metallic sulphates become decomposed more or less speedily on 

* Or NOjjHSOj. As a matter of fact several compounds are contained in 
these white chamber crystals. 

t In some cases a sulphide of the metal previously there, as sulphate is 
produced, although much Na salt is present. 
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SO,. WET REACTIONS. 

ignition, giving off sulphuric or sulphurous anhydride and oxygen, 
according to the natiu*e of the metal — : 

2FeSO,'- FeA + SO 3 + SO,. 

CuSO, = CuO + SO, + O. 

By distilling in retorts a mixture of ferrous and ferric sulphates 
an acid known as Nordhausen sulphuric acid is made. Its com- 
position may be simplest represented as HgSO^SOj. The action 
may be; 

Fe,(SO,),(OH), = FeP 3 + H,SO, + SO,. 

A definite compound can be obtained on cooling in crystals. On 
warming, however, SO, escapes. 

REACTIONS IN SOLUTIONS. 

A solution of potassium sulphate, K,SO,, or any soluble sulphate, 
may be employed. 

Sulphuric acid forms normal and acid sulphates, which are mostly 
soluble in water, the exceptions being barium and lead sulphates, and 
a few basic sulphates which, however, are soluble in acids. 

BaCl, gives a white finely divided precipitate of barium sulphate, 
BaSO^, insoluble in dilute acids. Care must be taken not to have 
too much free hydrochloric or nitric acid present, lest any of their 
barium salts be precipitated, barium chloride and nitrate being 
much less soluble in concentrated acids than in water. If a very 
dilute solution of a sulphate has to be precipitated, the solution should 
be heated to boiling, and allowed to stand for some time after the 
addition of the barium salt. 

This reaction distinguishes H^SO^ from all other acids except 
hydrofluosilicic acid, 2 HF,SiF 4 , and selenic acid, HpeO^, which are 
not by any means of common occurrence. 

Soluble salts of strontium, calcium, and lead produce white 
precipitates of strontium, calcium, and lead sulphates, which are 
more or less soluble in large quantities of water : CaSO^ being the 
most soluble (in about 50<J parts of water), SrSO^ dissolving in 
7000 parts of cold water, and PbSO^ in 22,000 parts of water 
only. 

Since barium salts answer every purpose, recourse is rarely had to 
these reactions in order to detect sulphuric acid. The addition of 
alcohol (methylated spirit), ensures the complete precipitation of 
strontium, calcium, and lead sulphates. Most soluble sulphates can, 
in fact, be precipitated from their aqueous solutions by the addition 
of strong alcohol, in which they are insoluble. 

In order to detect free sulphuric acid, the solution is evaporated to 
dryness on a water bath, together with a little cane sugar. A black- 
ened or charred residue indicates free sulphuric acid, as no other acid 
is capable of decomposing cane-sugar in like manner. 

An insoluble sulphate can be decomposed by continued boiling 
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with a concentrated solution of an alkaline carbonate ; more readily 
by fusion with alkaline carbonates (fusion mixture) into a soluble 
alkaline sulphate, and an insoluble carboiiate or oxide of the metal, 
thus: 

BaSO, + Na,C 03 = Na,SO, + BaC 03 . 

PbSO, + Na 3 C 03 = Na,SO, + PbO + CO^. 

The fused mass is extracted with boDing water, and the insoluble 
carbonate or oxide separated by filtration from the solution of the 
alkaline sulphate. The residue is examined as usual for bases, and 
the solution for sulphuric acid, by acidulating with dilute hydrochloric 
acid'(in order to destroy the excess of alkaline carbonates), and adding 
barium chloride. Calcium sulphate dissolves in ammonium sulphate 
containing a little free ammonia ; lead sulphate in ammonium acetate 
or tartrate, or in sodium thiosulphate, or in strong HOI. 

SUIaPHXTROITS acid* — Obtained as a gaseous anhydride, 
SOg, whenever sulphur is burnt in air or oxygen, or when metallic 
sulphides (pyrites, blende, galena, &c.) are roasted with free access 
of air ; also by the partial deoxidation of sulphuric acid by means of 
metals, such as Cu, Hg, Ag, or charcoal and various organic bodies, 
sulphur, &c. The gas is readily soluble in water, forming an acid 
solution, which combines with bases, and forms a series of salts, 
normal or acid, termed sulphites. They are characterised by the 
tendency they exhibit to absorb oxygen and become converted into 
sulphates. 


EXPERIMENTS. 

SO., is very heavy, and can easily be collected in tubes by downward 
diplacement of air. 

Prepare a few tubes of the gas by heating mercury or any other metal (a 
few grams), with strong sulphuric acid in a small distilling flask or test-tube, 
with cork and delivery tube. 

I. In one introduce blue litmus paper ; it becomes red. 

II. A burning taper is extinguished, and the gas does not inflame. 

III. A piece of ignited magnesium ribbon continues to burn, and some 
sulphur will be found amongst the MgO. 

IV. A piece of filter paper moistened with permanganate will become 
colourless, moistened with bichromate will become green. 


DRY REACTIONS, 

Sulphurous anhydride is recognised by its characteristic odour — 
viz., that of burning sulphur. It combines readily with metallic per- 
oxides, such as MnOg, PbOg, with formation of the corresponding 
sulphates. In order, therefore, to remove SO, from a gaseous mixture, 
the latter may be passed over PbO,. 

Most metallic sulphites are decomposed by heat into sulphates and 
sulphides, thus : — 


INa^SO, = 3Na,SO, + SXa,. 
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REACTIONS OF SULPHITES. 

A few sulphites break up, on heating, into oxides and sulphurous 
anhydride. 

KEA^IONS IN SOLITTION. 

A solution of sodium sulphite, Na^SOj, may be employed. 

Sulphites are shown by the action of dilute sulphuric or hydrc^ 
chloric acid upon them, sulphurous anhydride, SOg, is liberated and 
readily recognised by its pungent odour. , i*. 

The only sulphites soluble in water are the alkaline sulphites. 
Normal barium, strontium, calcium, and magnesium sulphites, though 
insoluble in water, are dissolved to a great extent by sulphurous acid, 
with formation of acid sulphites, from which the normal salts are 
reprecipitated on boiling. (See Carbonates.) They are also soluble in 
dilute hydrochloric acid (with decomposition) ; but on the addition of 
an oxidising agent, such as chlorine water, free iodine, sodium hypo- 
chlorite, nitric acid, &c., they are converted into sulphates, some of 
which are insoluble. (See Sulphuric Acid.) 

Commercial sulphites generally contain sulphates as impurities. 
A precipitate consisting of barium sulphate is, therefore, frequently 
obtained on adding barium chloride to an acidulated solution of a 
soluble, or to a dilute hydrochloric acid solution of an insoluble 
sulphite. 

On filtering off the precipitate, and adding chlorine water to 
the filtrate, a further precipitate is obtained, showing the presence of 
a sulphite. 

Traces of sulphurous acid are distinguished with difficulty by 
the odour alone, and it is preferable, therefore, to make use of the 
deoxidising as well as oxidising action which the acid can exert. 

1. Sulphurous acid acts as a powerful reducing agent. 

AgN03 gives with sodium sulphite a white precipitate of silver 
sulphite, AggSOg, soluble in excess of the alkaline sulphite. The 
precipitate blackens on heating, owing to the separation of metallic 
silver, according to the equation : 

Ag,S03 + OH, = Ag_, + H,SO,. 

Hg,(N03)2 produces a grey precipitate of metallic mercury, thus : 
Na^SOg + Hg 3 (N 03 ), + HgO = NagSO, + 2HNO3 + 2 Hg. 

The instances of the reducing action of sulphurous acid are very 
numerous ; its action upon solutions of AuOlj, Fe^Olg, and 

others, already noticed under the respective metals, need not be 
repeated here. 

2 * Under favourable circumstances sulphurous acid acts as an 
oxidising agent, especially when brought in contact with other more 
powerful reducing agents, such aa nascent hydrogen, SH^, SnCl , &c. 
Thus, by introducing the least trace of SO„, or a sulphite, into a 
fla^, in which hydrogen is generated from ‘zinc and hydrochloric 
acid, SHg is immediately evolved, along with the hydrogen, and may 
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be recogaised by its odour and action upon lead paper. The change 
may be expressed as follows : 

SO, + 3H, = SH, +,20H,. 

SO, and SH, give rise to the formation of pentathionic acid, with 
precipitation of white sulphur, according to the equation : 

5SO, + 5SH, = H,S-Og + -H 40H,; 

Pentathionic 

acid. 

Sulphurous acid added to stannous chloride in the presence of 
hydrochloric acid, gradually precipitates yellow SnS,, The stannous 
chloride reduces the sulphurous acid, and the sulphuretted hydrogen 
and stannic chloride immediately react with the production of SnS,. 
The following equations express the changes : 

(1) SO, + 3SnC], + CHOI - 3SoCl, + SH, + 2011 ,. 

(2) SnOl, + 2SH, = SnS, = 4HC1. 

Yellow 

stannic sulphide 

(See also Phosphorus and Arsenic.) 

An extremely delicate test for SO, is its decolorising action on 
a solution of permanganate. This should be only of the faintest pink 
tint ; the liberated gas is decanted into a test-tube and shaken with 
the permanganate. 

THIOSULPHUROUS ACID (thiosulphuric acid).— This 
acid can only be kept for a short time in a free state in aqueous 
solution. Its sodium salt is an important compound, and may be 
obtained by boiling a solution of sodium sulphite with sulphur,* 


* The action here is similar to that when a sulphide takes up O and 
becomes a sulphite, or when a sulphite takes up oxygen and forms a sulphate. 
The sulphur in thiosulphates is undoubtedly in two different states, which 
may be expressed by the formulae : ^ 

/ 

H-0 S ^ 

II 


But it is also very probable that sulphites contain one hydroxyl, and the other 
hydrogen is directly attached to the sulphur : 


H-O-S-g 

H 


the other form being 


N 


o 

N 

S 


=o 

—OH 


This sulphate may correspond to the formula given under sulphuric acid ; 

H 

\ 

H-O S = 0 



but as before stated, proof is wauting to decide which is most likely# 



142 THIOSULPHATE REACTIONS. 

or by the oxidation of sodium persulphide by contact with the 
air. 

\)RY REACTIONS. 

All thiosulphates are decomposed on ignition. Alkaline thiosul- 
phates leave a polysulphide and a sulphate, thus : 

4Na,S,03 = SjNa, + SNa^SO,. 

Some sulphur bums off if the heating take place in air. 


REACTIONS IN SOLUTION. 

A solution of sodium thiosulphate, NajS^Oj is the comnmnest 
and most easily soluble salt, \ 

Most thiosulphates are soluble in water (barium thiosulphate is 
difficultly soluble in cold water), and their solutions may, with few 
exceptions, be boiled without decomposition. Calcium thiosulphate 
is gradually decomposed on boiling, the precipitate consisting of cal- 
cium sulphate and sulphur. When thiosulphates are treated with 
sulphuric or hydrochloric acid, sulphurous anhydride is evolved and 
sulphur is separated. The precipitated sulphur is yellow, and not 
white, as is usually the case when sulphur separates in chemical 
reactions. The change characterises thiosulphates. 

The same instability of the sulphur atom, occupying the place of 
an atom of oxygen in sulphuric acid, is observed when thiosul- 
phates come in contact ivith salts, whose metals form insoluble 
sulphides. 

AgNOj gives a white precipitate of silver thiosulphate, Ag^S^Oj, 
soluble in sodium thiosulphate, which speedily turns yellow, then 
brown, and lastly black (SAg,), especially on the application of heat, 
thus : 

Ag^Sp, -f OH 3 = SAg, - 1 - H 3 SO,. 

Mercurous nitrate and lead acetate give similar precipitates 
which are decomposed by heat into Hg,S or PbS, and sulphuric 
acid. 

SnClj gives a brow*n precipitate of SnS. 

I’hiosulphates, like sulphites, are readily oxidised, but yield 
under certain conditions, oxygen to more powerful reducing agents* 
and thus become oxidising agents. * ’ 

Free chlorine, sodilim hypochlorite, ferric chloride, &c. oxidise 
thiosulphates in the presence of water completely to sulphates even 
when cold, thus : ’ 


Na3S303 + 4C1, 
^ 38^03 + 401Na0 


+ 5 OH 3 = 2HNa80, + 8 HC 1 . 
+ OH 3 = 2HNa80, + 4NaCl. 


^ reddish-violet coloration 
(difference between sulphites and thiosulphates), but on standing, 
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the solution is slowly decolorised (more readily on heating), with 
formation of FeClj, thus : 

]Sra,S,0, + 4Fe,01e + 50H, = 2NaHs6, + 8Fe01, + 8H01. 

‘ Nascent hydrogen reduces thiosulphates, and sulphui;etted 
hydrogen is evolved : 

Na 3 S ,03 + 4 H 3 + 2HCI = 2SH, + ?>OB, + 2NaCL 

Some sulphur is always precipitated as well. 

Sodium thiosulphate is a useful solvent for haloid silver salts (for 
which it is much used in photography), Hg^Clg and PbSO^. Calcium 
thiosulphate, OaS^Og, is used as an agent for removing the last traces 
' o^ chlorine in the bleaching of paper pulp, and from fabrics bleached 
by means of bleaching powder, to prevent their deterioration by the 
traces of chlorine which they are apt to retain. It has on that 
account received the name of antichlor. The free hydrochloric acid 
which is formed in the reaction is neutralised by passing the fabrics 
through a weak alkaline bath. Sulphites are now used for this purpose. 

The property of sodium thiosulphate of dissolving AgCl has 
'found an important metallurgical application in the removal of silver 
from poor argentiferous ores, after they have undergone the process 
of roasting with common salt, which converts the silver into AgCl, 
insoluble in water. 

A still lower oxide of sulphur, SO or S^O^ the hydrate of which 
is probably H^SO^, is obtained in combination, when metallic zinc is 
placed in a solution of SO^ in water. No gas is evolved at first, but 
the solution becomes coloured brown, a zinc salt,^ which rapidly 
decomposes, being formed. It is a very powerful reducing agent, 
precipitating the metal from salts of copper or lead, bleaching indigo 
and other colouring matters, &c. 

HYDROSULPHXTRIC ACID (sulphuretted hydrogen), ^ 
SHg, is obtained as a colourless gas by the decomposition of certain 
metallic sulphides, such as FeS, ZnS, Sb^Sg, by means of sulphuric or 
hydrochloric acid. It is characterised by a foetid odour, resembling 
that of rotten eggs. It is absorbed by cold water, forming sulphuretted 
hydrogen water, which reddens blue litmus paper feebly. Hydro- 
sulphuric acid exchanges its sulphur for the oxygen of most metallic 
oxides, forming water and metallic sulphides, and is on this account 
a most valuable reagent. Many native sulphides — e.g.j iron pyrites, 
galena, cinnabar, zinc blende — are met with in vast masses, and con- 
stitute the principal minerals from which the metals are extracted. 

* Vsry little is known with certainty about this action or the body 
produced. Metallic zinc dissolves also in hydrogen sodium sulphite ; the 
reaction may be : 

2 (NaHS 03 ) + Zn = H^O + Na^ZnSp^ (?) 
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HYDROSULPHURIC ACID. REACTIONS. 


DRY REACTIONS. 

Metallic sulphides are acted upon in various ways when sub- 
mitted to heat. Some Are decomposed, when heated m a close 
vessel, into metal and sulphur, e.g., Au^Sj ; some sulphid^, such as 
PtS,, FeS,, Sb^., SnS„ PbS, yield up a portion of their sulphur, and 
are reduced to PtS, Fo3S^ or FeS, Sb^S,, SnS, Pb^S ; others suWime 
without decomposition, such as As^Sj (orpiment), HgS (cinnabar). 
A great number of metallic sulphides remain, however, undecom- 
posed, when heated out of contact with atmospheric air. . 

Most sulphides undergo a change when roasted in a tube open at 
both ends. SAgj leaves metallic silver (usually also a little AgjSO^) ; 
the sulphur, combining with oxygen, passes off as SO^ ; some sul- 
phides leave a metallic oxide, e.g., SnS, Sb^Sj, Bi^S^ ; others again, 
such as the sulphides of the alkalies and alkaline earthy metals, are 
converted into sulphates. Lead sulphide (galena) is converted into 
a mixture of oxide and sulphate ; cupric sulphide, when roasted at a 
high temperature, yields SO^ and CuO ; at a lower temperature 
CuSO^. FeS and other sulphides of the iron group are partially 
converted into sulphates, which, on the application of a stronger heat, 
lose their acid, leaving metallic oxides. Many native metallic 
sulphides are distinguished for their metallic lustre, such as iron and 
copper pyrites, galena, grey antimony, lire. 

BEACTIOXS IX SOLUTIOX. 

Alkaline and alkaline earthy sulphides are soluble in water (CaS 
and MgS are only sparingly soluble). Dilute hydrochloric acid 
decomposes them readily into metallic chlorides and SH,. All other 
sulphides are insoluble in water. FeS, MnS, ZnS, are decomposed 
by dilute hydrochloric acid wdth evolution of sulphuretted hydrogen. 
Others require concentrated hydrochloric acid, such as NiS, CoS 
SbjSs, SnS^, PbS. The rapidity of the action of acids on sulphides 
depends very much on the physical state of the latter. Sulphides 
which are insoluble, or difficultly soluble, in concentrated hydro- 
chloric acid, such as BUSj, OuS, SAg^, PbS, As^Sj, are decomposed 
by concentrated nitric acid ■, they are generally oxidised into sul- 
phates — at first with separation of sulphur, which by prolonged 
digestion is for the most part converted into sulphuric acid. Others 
such as HgS, PtSg, A-U^S^ (As^S^) dissolve easily only in aqua re^^ia 
or hydrochloric acid and potassium chlorate, with separation^ of 
sulphur and formation of sulphuric acid, and of a metallic chloride. 
On dissolving PbS, SnS^, Sb^S^, As^S^, in concentrated nitric instead 
of hydrochloric acid, they are converted principally into PbSO 
SnOj, SbjO^, HjAsO^. 

To detect (in an aqueous solution) or a soluble sulphide (a 
solution of ammonium sulphide may be conveniently employed for 
illustration) add a solution of a salt of cadmium, lead or silver 
which gives by double decomposition a characteristic precipitate of a 
metallic sulphide ; fine yellow for cadmium, black for lead or silver 
salts. 
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SEPARATION OF SH„ SO,, CO,. 

To analyse a sulphide decomposable by hydrochloric acid, the 
evolved sulphuretted hydrogen gas is made to act upon lead paper 
or is passed through a solution of a lead^salt. (Iron pyrites and 
copper pyrites give off SH, in the presence of zinc only.) 

Sulphides which are not decomposed by hydrochloric acid yield 
sulphur on treatment with nitric acid or aqua regia, and must be 
recognised by this and the products of decomposition, such as SnO^, 
PbSO^, as well as the reactions which they give when examined in 
the dry way. 

Many native sulphides, such as fahl ore, &c., are expeditiously 
examined by heating the finely powdered mineral in a hard glass 
tube, in a current of dry chlorine gas, when the metals are converted 
into chlorides and the sulphur into volatile chloride of sulphur, which 
is decomposed on being passed into water, HCl, H,SO^, and S 
resulting. 

To detect a soluble alkaline sulphide in the presence of free SH,, 
add a few drops of a solution of sodium nitroprusside. This reagent 
does not affect free SH,, but gives a fine purple colour with the 
merest traces of soluble sulphides. The colour disappears only 
after some time. It does not show in the presence of free caustic 
alkalies.^ 

'A mixture containing a soluble sulphide, thiosulphate, sulphite, or 
sulphate, may be examined by adding cadmium carbonate, CdCOg, to 
the aqueous solution. Filter after agitation, dissolve the excess of 
CdCOg in the precipitate by means of dilute acetic acid ; a residue of 
yellow CdS indicates the presence of a sulphide. Add BaCl, to the 
filtrate ; a precipitate is obtained consisting of BaSO^, and BaSO,. 
Filter off*; digest the precipitate with dilute hydrochloric acid, and 
filter. A white residue shows the presence of a sulphate. Add 
chlorine water to the filtrate ; a precipitate of BaSO^ indicates the 
presence of a sulphite. The filtrate from the Bad, precipitate is 
examined for thiosulphates by the addition of HOI and boiling. A 
precipitate of yellow sulphur and the odour of SO, indicate the 
presence of a thiosulphate. 

To remove SH, from a gaseous mixture of CO, and SH,, shake up 
a solution of cupric or cadmium chloride with the gases. 

EXPERIMENTS. 

SH, being heavier than air can be collected in tubes by downward dis- 
placement. The most convenient mode of preparation is by acting on FeS 
with HCl. It can be done in a flask or tube» with delivery tube. Aluminium 
sulphide is also convenient as it is decomposed by water. 

I. Blue litmus paper, when moist, is reddened. 

II. A taper is extinguished, but the gas burns forming water, which will make 


* Sodium nitroprusside, Fe{CN)4NOCNNa,, may be readily prepared by 
heating a few crystals of potassium ferricyanide with concentrated nitric acid 
in a test tube until red fumes are copiously evolved, then diluting with water, 
and neutralising with sodium carbonate. The solution may be used directly 
for testing for sulphides. (Playfair.) 


K 
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a deposit of moisture on a cold substance, and a little SOj and som P 
will be deposited on the sides of the tube as the flame sinks. on 

III. A piece of paper moistened with lead acetate is . oicn be 

nersion in the gas ; a silVar coin placed on the top of the tube w 


immersion 

blackened 


NITRIC ACn>, HNOj, is obtained as a colourless, highly cor- 
rosive distillate when nitrates are gently heated with strong sulphuric 
acid, and the vapour, which arises, condensed. It is charactensea y 
the facility with which it parts with its oxygen, and it is on th^ pi o- 
perty that the detection of nitric acid or a nitrate depends. Crude 
nitric acid is yellow, because of partial decomposition into nitrous 
acid, and presence of oxides of nitrogen. 


DRY REACTIONS AND EXPERIMENTS. 

Most nitrates fuse readily when heated. All are decomposed 
when heated to a high temperature. The decomposition products 
vary with the nature of the base, and to some extent with the tem- 
perature employed, an oxide of nitrogen and oxygen generally being 
given ojff. Thus, ammonium nitrate, breaks up into (JN^ 

and 2(0112) ; potassium or sodium nitrate into nitrite (always contami- 
nated, however, with nitrate and caustic alkali) witli liberation of 
oxygen, and ultimately, on the application of a stronger lieat, into 
oxide or peroxide — nitrogen and oxygen being given off; others, such 
as lead nitrate, into O and leaving the oxide of tlie metal. 

When heated together with bodies capable of taking up oxygen, such 
as carbon, charcoal, alkaline cyanides, sulphur, or phosphorus, the 
decomposition becomes explosively violent, and free nitrogen gas only 
is liberated, (Chlorates explode in like manner, but leave metallic 
chlorides.) 

REACTIONS IN SOLUTION. 

With the exception of a few basic salts, nitrates are readily soluble 

in water ; hence nitric acid cannot be detected in the usual way 

that is by producing precipitates by double decomposition. AV'hen 
acted upon by reducing agents, e.g,, nascent H, the deoxidation of 
the acid may be partial, to some of the lower oxides of nitroo'eii or 
complete to nitrogen, in which case the nascent hydrogen is capable 
of combining with it to form ammonia. 

Quite a number of intermediate products can be obtained from 
the action of nascent hydrogen on nitrates. 

or XOo 

n:o3 

or NO 

n:o 

NH2OH 

1st, Reactions in ■which nitric acid is reduced to lower 
oxides of nitrogen. 

Dilute nitric acid, or a solution of potassium nitrate, KNO mav 
be employed. J 
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Nitric acid and nitrates are decomposed when heated with con- 
centrated hydrochloric acid (or a chloride when heated with nitric 
acid). Nitrosyl chloride, NOCl, and chlorine are evolved, and the 
liquid acquires the power of dissolving gold leaf or platinum-foil (see 
these metals) because of the chlorine produced. (Chlorates, bromates, 
iodates, chromates, and permanganates also evolve chlorine when 
treated with hydrochloric acid.) 

Pour some concentrated sulphuric acid (free from nitric acid) 
upon a little potassium nitrate, in a dry test tube, see that the 
mixture is cool, and then add gradually a solution of ferrous sulphate 
so that it lies upon the sulphuric acid — not mixing with it, or better, 
a few crystals of ferrous sulphate. A ring is seen to form at the 
point of contact of the two layers, or around the crystals, of a violet, 
red, or dark-brown colour, according to the quantity of the nitrate 
present. The coloration is increased by very slight agitation, but it 
disappears on heating. This is owing to the formation of a transient 
compound of the ferrous salt with NgOg ; (4FeS0^,N302). The other 
three atoms of oxygen from two molecules of nitric acid oxidise six 
molecules of ferrous into three molecules of ferric sulphate, Fe2(SO^)3. 
This is the usual method by which nitric acid is detected. The change 
may be expressed thus : 

lOFeSO, -h SH^SO, + 2HNO3 = :}Fe,(SOj3 + iFeSO^N^O, 

+ 40H,. 

A solution of a nitrate, when added to a hot solution of indigo 
in sulphuric acid (sulphindigotic acid), changes the blue colour of 
the indigo to yellow. (Free chlorine and other oxidising agents also 
bleach indigo.) 

Metals, Cu, Ag, Zn, Pb, or Hg are dissolved by nitinc acid with 
evolution of ruddy fumes, and also by a mixture of a nitrate with 
strong sulphuric acid. 

A similar reaction takes place when copper filings are mixed with 
a nitrate and hydrogen potassium sulphate and fused in a test tube 
or crucible. 

2nd. Reactions in which nitric acid is entirely reduced, 
and its nitrogen converted into ammonia. 

All nitrates when fused with caustic potash, lime, or soda-lime, 
and some non-nitrogenous organic substance, such as sugar or starch, 
evolve ammonia. 

The gas may be readily recognised by its odour, or action upon 
red litmus paper. The reaction may be done in a test tube. 

Nascent hydrogen, produced by the action of KHO upon metallic 
zinc, iron, or aluminium, gives rise, in the presence of a nitrate, to 
the formation of ammonia, thus : 

(1) Zn + 2KHO = Zn(KO), -f 

(2) KNO3 + 4H2 = NH3 ' + KHO* -h 20H,. 

* The KHO represented here is in practice further changed by the metal 
employed. 
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When stannous chloride, hydrochloric acid, and a nitrate are 
heated together, the tendency of the stannous chloride to combine 
with two more atoms of chlorine to form stannic chloride, aided by 
the oxidising action of nitric acid upon the hydrogen, breaks up 
hydrochloric acid, with formation of stannic chloride and ammonia, 
thus : 

4SnCl, + KNO, + lOHCl = 4SnCl, + Nil, Cl + KOI + 30H,, 

Nitrates gently heated with ammonium salts, as KNO 3 
NH^Cl, give nitrous oxide as one product : 

KNO 3 + NH,C1 = KCl + H,0 + N,0. 

NjO supports the burning of a glowing match. 

To detect free nitric acid in the presence of a nitrate, evaporate 
the solution on a water-bath with quill cuttings or white wool or 
silk. Nitric acid colours these substances yellow. 

NITROUS ACID 5 HNOg. — Both the acid and anhydride are 
marked by their proneness to undergo decomposition, in the presence 
of water, into nitric acid and nitric oxide. 


DRY llEACTIOXS. 

Nitrites fuse and are decomposed on ignition into oxides, with 
evolution of nitrogen and oxygen. Mixed with carbon, potassium 
cyanide, sulphur, and other oxidisable bodies, nitrites deflagrate 
like nitrates, with which they have, in fact, most of the dry reactions 
in common. 


REACTIOXS IX SOLUTIOX. 

All nitrites are soluble in water ; silver nitrite, AprXO,. although 
readily soluble m hot water, is somewliat difiicultly soluble in cold 
water (300 parts), and serves for the preparation of pure nitrites, 
by doijle decomposition with neutral soluble chlorides. Dilute 
^ids liberate ^, 0 ^ and conveit a portion of the nitrite into nitrate, 


dKXOg + HjSO, = XjOj + KXO3 + + OH,.* 

reactions by which the presence of nitrous acid can be 
readily recognised, may be divided into two classes : 

1st. Reactions in which the acid acts as an oxidising agent. 

of »'Mne nitrites, with 

S'rfSnl this*" * «-») 


2KXO3 + = XjO^ + 20H^ + S,Kj. 

formattorol'lSfanVNO.X^ionm^^^^^ produced due to 
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In acid solutions the decomposition is accompanied by a copious 
separation of sulphur. 

Acid solutions of ferrous salts are turn^ dark brown on addition 
of a nitrite, owing to the absorption of N^Ug gas by a portion of the 
unoxidised ferrous salt. On the application of heat is evolved, 
thus : 

2FeCl, + 4HC1 + 2KNO^ = Fe.Cl^ + 2KC1 + N,0, + 20H,. 

Ammonium nitrite, NO^ (NHJ, breaks up, on "the application of 
heat, into N and OH^. Nitrites containing fixed bases are decom- 
posed in like manner on the addition of an ammonium salt, thus : 

+ 2KNO, = N, + 40H, + K,C03. 

KI and starch solution give in the presence of a nitrite and a 
dilute acid blue iodide of starch. (See also HI.) 

When a very dilute solution of a nitrite — say a polluted well 
water — is added to a cold saturated solution of sulphate of diamido- 
benzoic acid and the nitrous acid liberated with a few drops of 
dilute acid (HoSO^), the solution acquires an intense yellow colour. 
As little as i mgr. of N 2 O 3 diffused in one litre of water can thus 
readily be discovered. 

The HCl compound of phenylenediamine is even more delicate in 
its indication, a rosy colour being produced. Possibly the most 
delicate test for nitrous acid is a mixture of a-naphtylamine and 
sulphanilic acid dissolved in a slight excess of HgSO^. Exceedingly 
minute quantities of HNOg give with this reagent a lovely rosy red 
coloration due to the formation of a diazo derivative. 

= a-naphtylamine = Cj^H-NH^. 

NH, 

0 = sulphanilic acid = C^H^NH^SOgH. 

SO3H 

The reagent should be made by dissolving equivalent weights 
of a-naphtylamine and sulphanilic acid in moderately strong H^SO^. 
This solution should be colourless. A few drops only of the solution 
to be tested is diluted with 20 to 50 times as much water and one 
cubic centimetre of the a-naphtylamine solution added. A rosy pink 
colour should appear within ten minutes. 

The test is too delicate for most ordinary purposes. 

2nd. Reactions in which the acid acts as a reducing 
agent, and is converted into nitric acid, thus : 

2HNO2 + O, = 2HNO3. 
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AuClg and give metallic gold and grey metallic mercury. 

KjMn^Og oxidises nitrites into nitrates in the presence of a 
mineral acid and the permanganate solution is rapidly 

decolorised. 

Potassium dichromate is reduced under similar conditions to a 
green salt of chromium. Nitrates are not affected by potassium 
permanganate or alkaline chromates. 

PbO« converts HNO, into HNO., but does not act upon very 
dilute HNO3, 

HYDROCHLORIC ACID.—Gaseous hydrochloric acid, 
HCl, is readily absorbed by water, and foims one of the most useful 
acids. Chlorides are an important class of chemical compounds and 
are very widely distributed in Nature. 

Some chlorides are liquid at the ordinary temperatui*e and can be 
distilled without decomposition, such as SnCl^, PCl^ and CCl^ ; SbCl^ 
is a soft, white, crystalline solid which distils at C. ; others are 
solid, fusible and non-volatile at a moderate heat, but may be 
vaporised at any high temperature such as a porcelain furnace or 
an oxy-hydrogen flame. Such are AgCl, PbCl,, ila0l2, KCl, NaCl. 


EXPERIMENTS. 

I. HCl is given off as a gas when a chloride is treated with strong H.,SOj. 
NaCl, sodium chloride, is the substance used for the source of chlorine, hydro- 
chloric acid, and of sodium compounds. Arrange a large test tube or flask 
with delivery tube, charge with common salt and drop 
on to this strong H.SO,. The gas will escape and be 
nearly dry. 

NaCl -f II, SO, =- NaHSO, - HCL 

It is not necessary to heat the substances. Several 
dry tubes may be filled by the gas by downward dis- 
placement and then covered with a waxed plate. 

N.B. — The most convenient covering for a test-tube 
in which a gas has been collected is a watch glass in 
which some parathn wax has been melted and allowed 
to become almost solid and the wax then gently pressed 
on the top of the test-tube. 

Place in the tube a piece of well dried blue 

hnci hPf^n 1 Hotice the colour hardly changes until moisture 

^ ^ ^ 

burn!’ ^ burning taper. It is extinguished and the gas does not 

III- Pour in lime water ; remains clear. 

filings* or*ahiminfnm”fSf x ^ ^ little zinc or magnesium 

tiehtlv on nnri fii + ® minute holding the waxed cover 

Lonm K tube with a flame. 

It should burn with a flame like hydrogen because : 

Mg -f 2HC1 = Hj + MgCL. 

and then!^^cover removed*^^^ inverted with the mouth under cold water 
Litmus placed in this water ’is redd'eSd!"^'^ 


Fig. 21. 
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VI. A gram or so of MnO^, or K^Mn^Og, or PbOg in powder dropped into a 
tube of HCl liberates a little chlorine. After standing a minute or so a piece 
of blue litmus should be bleached on placing in the gas. 

REACTIOKS. 

Upon ignition certain chlorides such as AUOI 3 , PtCl^, are 
decomposed with evolution of chlorine gas, first into AuOl and 
PtOlg, which are almost insoluble in water, and Qnally into Au and 
Pt. Magnesium chloride is decomposed by heat, in the presence of 
water, into magnesium oxychloride, Mg^OCl^, with formation of 
HCl. Anhydrous ferric chloride, when heated in contact with air, 
is decomposed into ^6303 and SOl^. Similarly with aluminic chloride 
which also decomposes very energetically with water and bodies 
containing hydroxyl, or with certain hydrocarbons and halogen 
compounds. 

Heated in a bead of microcosmic salt saturated with cupric oxide, 
chlorides impart a blue colour to the outer flame, owing to the 
formation of volatile OuCl^. 

When a dry chloride is mixed with potassium dichromate and 
concentrated sulphuric acid, and gently heated, a deep brownish- 
red gas, called chlorochromic acid, CrO^Cl^, is formed and can be 
collected in a receiver. It is a deep red, almost black liquid. The 
reaction taking place is expressed by the equation ; 

INaCl + K,0r,0, + SH^SO, = 2CrO,C\, + 

Chlorochromic acid 
or chromyl- chloride 

+ K3SO, + 3OH3. 

This liquid is decomposed, on mixing with water, into chromic and 
hydrochloric acids, thus : 

OrO^Ol^ + 2 OH 3 = H,CrO, + 2H01 ; 

or by aqueous ammonia or potassium hydrate into the corresponding 
salts. The presence of chromic acid, and indirectly of hydrochloric 
acid, is inferred from the yellow precipitate which a lead salt pro- 
duces with these solutions. 

The reaction may be employed for recognising a chloride in the 
presence of a bromide or iodide. The two latter are liberated as Br 
and I respectively, and on the addition of sodium or potassium 
hydrate are dissolved to a colourless solution. 

To make sure in case of a mixture it is better to test for Or in 
the aqueous solution of the distillate either by the hydrogen- 
peroxide reaction or with a bead of sodium carbonate. {^See Chromic 
Acid.) 

Chlorides may be divided into : 

1 st. Chlorides insoluble in water, such as AgOl and Hg^Cl^, 
which are quite insoluble ; PbClg, soluble in 135 parts of cold 
water, readily soluble in boiling water ; and Ou^Clg, almost insoluble 
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in water, also in dilute sulphuric acid ; soluble in ammonium hydrate, 
HCl and NaCl solutions. AuCl and PtCl, are almost insoluble in 
water but form soluble^ double salts, with a number of other 
chlorides. 

2nd. Chlorides which are soluble in water comprising most other 
chlorides. The chlorides of the more positive metals, as K, Na, Ba, 
&c., are less soluble in aqueous HCl and strong acid solutions than 
in OH 3 . 

Some chlorides of the less positive elements (with the exception 
of Hg and Ag) are decomposed by water, with formation of free acid 
and metallic oxides or hydrates, AsCl, (forms As^Og), or of some 
insoluble oxychloride (SbCl^ gives SbOCl ; BiClg gives BiOCl), soluble, 
however, in excess of HCl. 

AgNOg gives a white curdy precipitate of silver chloride, AgCl, 
the formation of which is not aflected by the presence of dilute or 
even moderately strong nitric acid. The precipitate turns violet on 
exposure to light. It is insoluble in nitric acid ; soluble in ammonium 
hydrate, but is reprecipitated unchanged on the addition of nitric 
acid : it is likewise soluble in potassium cyanide and sodium thio- 
sulphate and to a considerable extent in hydrochloric acid and 
alkaline chlorides (especially LiCl from which it is repiccij^itated on 
dilution. Silver chloride fuses when heated nearly to redness without 
undergoing decomposition, to a transparent horn-like mass, called 
horn-silver. 

Chlorides are decomposed on heating with manganic oxide and 
concentrated sulphuric acid, when chlorine is evolved according to 
the equation. 

MnOj + 21SraCl + 2H,,SO, = Cl, + + 20H,. 

This gas is readily recognised by its Ideaching 2 ^i’opei‘ties, its 
yellowish-green colour, and its action upon iodised starch paper, 
or upon a dilute solution of potassium iodide and freshly nrepared 
starch solution, giving rise to the formation of blue iodide of 
starch. 

Concentrated sulphuric acid liberates gaseous hydrochloric acid 
irom chlorides, thus ; 


2XaCl + HjSO, = + 2I1C1.* 

. S^nClj, and 8 nClj, ai-e decomposed, 

with some diftculty, or very slowly, by concentrated suliihuric 

JJQ 2 hjfdiogen sulphate fused with these chlorides liberates 

the evolved ehiL ^d 

fr .ho otege 
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The chlorine liberates iodine (2KI + Cl^ == 2KC1 4* I^), which gives a 
blue colour with the stai*ch. 

CHLORIC ACID9 HCIO3. — Is obtained in combination with 
calcium, by passing chlorine through a hot solution of calcium 
hydrate to complete saturation : 

GCa(HO )3 + GCl, = Ca(C 103)3 + oCaOl, + GOH^. 

By adding KCl to the solution calcium chloride and potassium 
chlorate, KCIO3, are formed by double decomposition. Potassium 
chlorate, being little soluble in cold water, and still less so in a 
solution of calcium chloride, crystallises out, and is washed with cold 
water and purified by recrystallisation. 

Free chloric acid, HCIO3, cannot be kept in a free state for very 
long. Even at the ordinary temperature it undergoes decomposition, 
generally explosively. It can be obtained in solution by adding the 
exact amount of HgSO^, dilute, to a cold solution of barium chlorate. 
On evaporating at a low temperature in a vacuum it may be concen- 
trated, but it is too dangerous for any ordinary workers. 


DRY REACTIONS OF CHLORATES. 

All chlorates are decomposed by heat ; they fuse and evolve 
oxygen, or a mixture of chlorine and oxygen, according to the greater 
or less affinity of the metal for oxygen or chlorine, leaving a residue, 
consisting of a metallic chloride, oxychloride, or oxide.^ 

On heating a few crystals of potassium chlorate in a test-tube, the 
presence of oxygen can be shown by introducing a glowing splinter 
of wood into the test-tube. On dissolving the fused mass in water, 
and adding a drop of silver nitrate, a white curdy precipitate is 
obtained, whilst a solution of a chlorate (unignited) gives no, or only 
a very slight, precipitate. 

Chlorates part with their oxygen far more readily, when heated, 
than nitrates. When mixed with oxidisable substances, such as 
C, S, P, cyanides, or sulphides, they explode violently when gently 
rubbed together in a mortar, or when moistened with a drop of con- 
centrated sulphuric acid. Care must, therefore, be taken not to 
powder, or heat together, a chlorate with organic substances, even in 
small quantity and especially not with sulphur or sulphides or 
phosphorus. Chlorates and red phosphorus explode, or ignite, when 
very gently rubbed together on paper. 

* Some metallic oxides aid the decomposition of chlorates very consider- 
ably when mixed with them and gently heated. This is the case with MnOg. 
A little Cl is liberated and a corresponding amount of KgMnO^ formed. This 
decomposes at about 240'’ and the MnOj and K^O resulting, act on the KCIO3, 
reforming KgMnO^ to undergo the same cycle of changes. Other oxides, 
especially thos^e of the more negative elements, turn out both oxygen and 
chlorine— WO 3 ; JSnOg ; TiO., ; {UO )203 ; M 0 O 3 , &c. 
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EXPERIMENTS AND REACTIONS IN SOLUTION, 

A solution of potassium chlorate may be employed. 

All chlorates are soluble in water. 

Concentrated sulphuric acid decomposes potassium chlorate even 
in the cold, a reddish liquid and greenish-yellow gas, called chloric 
peroxide, CIO^, being formed, which is recognised by its suftbciiting 
odour. On the application of heat a violent explosion occurs due to 
the resolution of CIO^ into chlorine and oxygen. A single crystal 
only of the chlorate should be employed, and the test-tube should be 
held with its mouth turned away from the operator. The change 
may possibly be expressed by the equations : — 

2 KCIO 3 + H,SO, = K.,SO, 4- 2 IICIO 3 ; 

2(HC103)^= H,0 + C1,0, 4- O. 

A chlorate dropped into hoi sulphuric acid gives off a mixture of 
chlorine and oxygen gases. This is quite safe. 

Strong hydrochloric acid, especially when heated, decomposes 
potassium chlorate, giving ofi* a mixture of chloric peroxide and free 
chlorine, thus : 

8KCIO3 4- 24HC1 - OCIO, 4- UCl, 4- <SKa 4- 120H,. 

A solution of indigo (sulphindigotic acid) is decolorised on the 
addition of a chlorate and dilute sulphuric acid, l^y a reaction 
analogous to that produced by free nitric acid. 

PERCHLiORIC ACID^ HClOj. — Perchlorates are more 
stable than chlorates. Concentrated sulj)huric acid fails to decompose 
them when cold and wdth difficulty only on heating. (Distinction 
from chlorates.) Hydrochloric, nitric, and sulphurous acids do not 
decompose aqueous solutions of perchlorates, nor is indigo solution 
decolorised. All perchlorates are soluble in water, most of them 
freely. Potassium perchlorate is sparingly soluble in cold water, and 
insoluble in alcohol. It resembles potassium permanganate in some 
respects. 

Some potassium perchlorate, KCIO^, is formed when potassium 
chlorate is heated until so'mq oxygen has been given off*. The residue 
then contains a mixture of chlorate, chloride and perchlorate. 
Enough perchlorate can be obtained by heating a few grams KCIO3 
in a tube, until it has melted and the oxygen commences to come off 
somewhat rapidly. The tube may then be dropped carefully into 
water. It will break up. The water should then be boiled up, 
hltered trom the glass particles and allowed to crystallise, after 
evaporation if necessary, and the crystals boiled with HCl until no 
moretihlorme or CIO, is evolved and finally recrystallised. 

distinguish a nitrate in the i)resence of a chlorate, mix 

e su s ance with N a^CO^, if other bases than potassium and sodium 
are present, and ignite until the evolution of oxygen nearly ceases, 
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and test the residue for nitrous acid. The effect of the ignition upon 
the chlorate is to change it into chloride, and the nitrate into nitrite 
to some extent. The 01 may be tested for (by adding HNOg and 
AgNOg to a portion), but this is not evidence of the preiSence of a 
chlorate in the original substance, unless chlorides are proved absent. 
Nitrites (alkaline) will withstand a higher temperature than 
chlorates. 

To apply this test for chlorates in the presence of chlorides, an 
excess of Ag^SO^ must be first added to the solution, and the filtrate 
from the AgCl may then be mixed with Na^COg, evaporated to 
dryness, and treated as above. 

HYP0CH1.0R0US ACID^ CIHO.— The salts which this 
acid forms possess considerable interest, on account of the powerful 
bleaching action which they exert in the presence of acids. Sodium 
and calcium hypochlorites are obtained along with the corresponding 
chlorides, by passing chlorine through a cold solution of the carbonate 
or hydrate. An important compound closely related to the hypo- 
chlorites is the so-called calcium chlorohypochlorite (a constituent of 
chloride of lime or bleaching powder), which appears to be formed 
according to the equation : 

Ca(HO), + Cl^ = Ca(OCl)Cl + OH,. 

Hypochlorites are gradually decomposed on exposure to air with 
liberation of chlorine owing to the action of carbonic anhydride con- 
tained in air, and it is on this account that hypochlorites are of such 
great value as disinfectants and bleaching agents. 


DRY REACTTOXS. 

Hypochlorites, when heated, are converted into chlorates and 
chlorides, thus : 


GCa(OCl)Cl = aCaCl, + Ca(C 103 ),. 


REACTIONS IN SOLUTION. 

Calcium or sodium hypochlorite, ClNaO, are the commonest, the 
former especially, and is known as “ chloride of lime.” 

All hypochlorites are soluble in water. Their aqueous solutions 
when acidified bleach vegetable colours. On heating or evaporating 
dilute solutions of hypochlorites, they are partly decomposed into 
chlorides and chlorates. Dilute acids decompose them with evolution 
of chlorine. (Distinction between hypochlorites and chlorates.) 
Hypochlorites in solution yield oxygen to readily oxidisable substances, 
and become converted into chlorides ; thus : 
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(OCOH 

lOCOH 


is oxidised to As^Oj. 


9f 

99 

MnO,. 

99 

99 

PbO,. 

99 

99 

PbSO,. 

99 

99 

2C0, + OH. 


Indigo and litmus are readily decolorised. 


HYDROBROMIC ACID) HBr. — Bromides are decomposed 
by HgSO^ in a similar manner to chlorides, and some HBr in a gaseous 
state is evolved. A secondary action commences, however, very 
quickly, by which some of the HBr becomes oxidised at the expense 
of the H,SO^, and bromine is libemted. does not oxidise HCl. 

(a) NaBr + H,SO, = KallSO, + HBr 
O) 2HBr + H,SO^ = 211,0 + SO, + Br,. 

A mixture, therefore, of bromine vapour and HBr gas is usually 
obtained. A few bromides, as those of AgBr, IIg.,Br,, are decom- 
posed only slowly by H,SO^, but completely by heating with KHSO^. 


DRY REACTIOXS. 

Most bromides remain unaltered when ignited ; others are volati- 
lised without decomposition. AuBr, and PtBr, are decomposed upon 
ignition into metal and bromine, which volatilises, ^lany bromides 
are changed upon ignition with free access of air, being converted 
into oxides and free bromine; others, such as Al,Br,., d’c., are 
decomposed, on evaporation of their aqueous solutions, into oxides 
and hydrobromic acid. IvBr and NaBr ai’o convei’ted, to a gi'eat 
extent, into KCl and NaC’l, on repeated ignition with ammonium 
chloride. When fused with hydrogen-potassium sulphate In’omides 
are decomposed into sulphates with evolution of suhihurous anhydride 
and bromine. 

Bromides heated before the inner flame of the blowpipe on a bead 
of microcosmic salt, in which a little cupric oxide has been difiuscd, 
impart a blue colour to the flame, which passes into green, especially 
at the edges. The difference between chlorides and bromides in this 
reaction is not very marked. 


REACTIONS IX SOLUTIOX, 

A solution of potassium bromide, KBr, may be employed. 
Metallic bromides can be divided into : 

1st. Bromides which are insoluble in water, such as AgBr, Hg,Br„ 

TomTdS and!!® ^ ''' comprising most other 

Bromdes, e.jr., SbB^, BiBr,, which are decomposed by 

Wi K oxybromides SbOBr, BiOBr, and 

hydrobromic acid. They resemble in this respect the 
corresponding chlorides. ^ 
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In order to detect hydrobromic acid or a soluble bromide, add a 
solution of silver salt to the solution, when a yellowish-white 
precipitate of silver bromide, AgBr, is farmed, which is insoluble 
in dilute nitric acid, somewhat soluble in concentrated ammonium 
hydrate, readily soluble in potassium cyanide or sodium thiosulphate. 

Insoluble AgBr is best decomposed by heating in an ignition- 
tvibe with alkaline carbonates (free from chlorides). The aqueous 
extract is tested for hydrobromic 
acid, and the insoluble residue 
for silver.* 

In the absence of any well- 
marked distinguishing features 
in the silver bromide precipitate, 
it is preferable to liberate bro- 
mine from soluble bromides, and 
to cause the reddish-brown vapour 
to act upon starch paste with 
formation of yellowish bromide 
of starch. 

Nitrous acid (or a nitrite and 
dilute sulphuric acid) does not 
liberate any bromine from pure 
soluble bromides. (Distinction 
betw’een bromides and iodides.) All bromides are, however, decom- 
posed by chlorine, with evolution of bromine, which remains 
dissolved in the aqueous solution. On shaking with a little 
chloroform or bisulphide of carbon, the bromine is taken up, and 
forms a yellowish-red liquid, which sinks in the saline aqueous 
solution. 

Bromine is obtained from natural bromides, such as potassium, 
magnesium, and calcium bromides, by reactions analogous to those 
employed for the preparation of chlorine from common salt : for 
instance, by distilling with manganic oxide and strong sulphuric 
acid, thus : 

2KBr -}■ MnO, -r 2H,SO, = Br, -h K,SO, + MnSO, +20H„ 

or by distilling a bromide with potassium dichromate and sulphuric 
acid, thus : 

6KBr 4- K,Cr,0- + 7H,SO, = 3Br, + Or,(SO ,)3 + 4K,SO, 

“ “ ^ + 70H,, 

A mixture of a bromide and manganic oxide, or potassium dichro- 
mate is introduced into a tiubulated retort (Fig. 22), with concen- 
trated sulphuric acid diluted with its own weight of water, and 
gently heated over a gas flame. The reddish-brown vapour of 

* AgBr is very soluble in solutions of KBr, NaCl, HCl, KI. Water pre- 
cipitates it again from these. 



Fig. 22. 
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bromine passes over, and condenses in a flask (which should be kept 
cold by a stream of water, or better still in a vessel surrounded with 
ice (to a reddish-brown hep.vy liquid).* , , , . ., 

Concentrated sulphuric acid alone evolves hydrobromic acid, 
together with bromine and sulphurous anhydride, as a jHiri of the 
HBr is oxidised by the sulphuric acid (ante). 

Concentrated nitric acid evolves bromine, together with nitrous 
fumes, tJius : 

2 KBr + 4HXO3 = Br, + 2KNO3 + + 20 H^. 

In the last two reactions the sulphuric and nitric acids act as 
oxidising agents, performing in fact the fiuictions of the manganic 
oxide and potassium dichromate in the former reactions. 

It is obvious that the hydrogen m.ay also be removed from hydro- 
bromic acid (or the metal from a metallic bromide) by other oxidising 
agents, such as permanganates and metallic peroxides, in the presence 
of an acid. 

Bromine (like chlorine) is an indirect oxidising agent — f.e., it is 
eager to combine with hydrogen, and is ca2>able of decomposing 
water, sulphuretted hydrogen, itc., under favoura1)le circumstances 
(e.ff., sunlight), w’ith libeiution of oxygen, sul2diur, <tc. This 
property is made use of in the preparation of hydrobromic acid, 
which cannot be obtained pure by distilling a bromide with sulphuric 
acid (for reason above seen). By passing suljihuretted hydrogen 
through bromine mixed with water, a colourless solution of hydro- 
bromic acid is obtained, and sulphur .sejiamtes, thus : 

Br, -P SH, = 21 IBr + S. 


This solution always contains some sulphui-ic acid, owing to a 
secondary reaction of the bromine upon water, in the j)resence of 
nascent sulphur : 


3Br^ -p 40H, -p S = CHBr -p 

from which the hydrobromic acid is separated by distillation. 

It will be inferred from this that the decomposition of tvater by 
bromine would be assisted very much by the presence of deoxidising 
bodies, such as phosphorus, metallic hypophosphites, sulphites hypo- 
sulphites, •’ ^ 

Hydrobromic acid can likewise be prepared by distillino- an 
alkaline bromide with phosphoric acids, HPO3, or H PO . “ 

To detect a chloride in the presence of a fmomidi, the solution is 
acidulated with dilute nitric acid and an excess of silver nitrate is 
added. After shaking the precipitate is washed by decantation, and 
then agitated with very dilute ammonia, so as not to dissolve all the 


* If test-tubes be worked with, then a little 
or chloride, with its own weight of water, will 
mixture and can be contained in a small dish. 


ammonium nitrate (10 grms.) 
form a good enough freezing 
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precipitate. The ammonia extract is filtered off and acidulated with 
nitric acid when a white precipitate is obtained. 

A convenient plan of preparing pure !^Br is to decompose PBrj 
(phosphorus bromide) by water thus : 

PBr^ + SOH^ = H3PO3 + 3 HBr. 

Water is “ dropped into PBr3, contained in a small retort or 
distilling flask, from a dropping funnel and the escaping HBr led 
into cold water. 

The phosphorous bromide is prepared by the action of bromine 
upon phosphorus in a CS^ solution. The CS^ is distilled off on a 
water bath, and the residual PBrg distilled by itself, 

PBr3 can also be made from amorphous phosphorus treated with 
bromine as above. The HBr can be collected by downwards displace- 
ment as with HCL 

Similar experiments should be made with it as with HCl {cmte), 

BROMIC ACID^ HBr03. — obtained in combination with 
potassium by adding bromine to a moderately concentrated solution 
of potassium hydrate. Potassium bromate crystallises out from the 
slightly yellowish coloured liquid and is purified from potassium 
bromide by washing with water and recrystallisation. The reaction 
takes place according to the equation : 

SBr, + OKHO = oKBr + KBr03 + 

The free acid is obtained by decomposing barium bromate with 
dilute sulphuric acid. 

It is doubtful whether bromates occur in Nature. They are also 
seldom employed or made. 


DRY REACTIONS. 

All bromates are decomposed by heat. Some, e.g., the alkaline 
bromates, fuse and evolve oxygen, leaving a bromide ; others, such 
as zinc and magnesium bromates, leave an oxide and give off oxygen 
and bromine; others, again, leave an oxide and a bromide, 6.^., 
lead and cupric bromates. When mixed with readily oxidisable 
substances, such as carbon, sulphur, &c., bromates deflagrate like 
chlorates. 

REACTIONS IN SOLUTION. 

Employ a solution of potassium bromate, KBrOj. 

This is made by dropping bromine into hot strong KHO solution. 
The bromate is formed by a similar reaction to the chlorate and 
crystallises out very easily. 

All bromates are soluble in water; silver and mercurious bromates 
least so. 

Dilute sulphuric, nitric, or phosphoric acids liberate from its salts 
bromic acid, which, however, exhibits great instability and breaks 
up into bromine, oxygen, and w^ater very rapidly. 
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HYDRIODIC ACID. 


Bromates are readily decomposed by deoxydising substances, such 
as sulphurous and phosphorous acids, sulphurett^ hydrogen, &c., 
with formation of sulphuric and phosphoric acids, sulphur and water, 
and liberation of bromine. A mixture of potassium bromide and 
bromate, when acted upon by dilute acids, is decomposed into 
bromine and water, thus : — 

5KBr + KBrOj + CHCl = ;}Br^ + aOHj + (!KC1. 

The weak a.ffinity of bromine for oxygen is, moreover, rendered 
apparent on boiling bromine with such powerful oxidising agents as 
nitric acid, potassium chlorate or manganate, which are without 
action upon it. 

A bromate in the presence of a chlorate is readily distinguished 
by precipitation with AgNO, ; the white silver bromate, AgBrO ,. 
gives off bromine on being treated with HCl. The residue which 
bromates and chlorates leave on ignition may also be tested by 
any of the methods described under hydrochloric and hydrobromic 
acids. 


HYDRIODIC ACID, HI. — Iodides (KI, Nal, Mgl„ Cal \ 
occur m sea water, in the ashes of marine plants, in some mineral 
springs, and in Chili saltpetre and some borax deposits, from which, 
bodies iodine is obtained by processes similar to those employed for 
the extraction of bromine from bromidet^. 

Very little HI is obtained by acting on an iodide with H SO . 
owing to the ease with which HI becomes oxydise.d by the H,s6 * 

DRY REACTIOXS. 

Most iodides undergo decomposition when heated bv themselves 

bead of microcosmic salt, and introducing a littirnot^^^”^ 
the bead and heating in the inuT wl • a 
becomes of a fine emfrald-green coIom>. 




A solution of potassium iodide, KI, mav be 
All metallic iodides may be divided into— 

1 st. Iodides insoluble in water, such as Agl Hir T TT^T 
9 ^ T Aul3, PtIJ, and Pdl and— 

ftw 1“ “"PAmg’ all others. The 
eorresponding bSd”i‘'oVchteilS5.*°'“'’‘° 
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Some elements, the chlorides of which are well known, only form 
iodine compounds with great difl&culty — e.gr., sulphur, carbon. 

- Soluble iodides may be examined in two ways — 

1st. By precipitation or conversion of the soluble into 
insoluble iodides. 

AgNOj gives a yellowish- white precipitate of silver iodide, Agl, 
insoluble in dilute nitric acid, almost insoluble in ammonium hydrate 
(partial distinction between HI and HCl), soluble in potassium 
cyanide or KI, or NaCI, or HCl solutions.* 

Hg2(N03)2 gives a yellowish-green precipitate of mercurous iodide, 
HgjTg, very slightly soluble in water, insoluble in dilute nitric acid, 
soluble in potassium iodide. 

HgCl, gives a beautiful scarlet-red precipitate of mercuric iodide, 
Hgl^, little soluble in water, soluble in alcohol, and soluble also in 
excess either of mercuric chloride or of potassium iodide. 

Lead acetate gives a bright yellow precipitate of lead iodide, Pblj, 
dissolving, like the chloride, in hot water (120 parts), to a colourless 
solution from which it crystallises out, on cooling, in beautiful shining 
yellow scales ; soluble in dilute nitric acid. 

Cu^SO^ (cuprous sulphate), obtained by treating CuSO^ with SOg, 
or adding a sulphite or ferrous sulphate, or boiling the iodide with 
CuSO^ and metallic copper, produces a dirty- white precipitate of 
cuprous iodide, Ou^I^, insoluble in water, sparingly soluble in HCl, 
soluble in ammonium salts and ammonium hydrate. This precipitate 
is oj particular interest^ because chlmndes and bromides cannot be pre-^ 
cipitated in like manner^ and because it serves frequently for removing 
iodine from solutions containing cMorides and bromides > 

2nd. By liberating iodine, and causing the iodine vapour to act 
upon starch paste. This may be effected in several ways. 

On mixing a dilute solution of potassium iodide with a few drops 
of hydrochloric acid, and then adding a drop or two of a solution of 
potassium nitrite, iodine is instantly liberated, and may be detected 
by the yellowish-brown tint it imparts to the solution, or better still 
by allowing it to act upon a freshly prepared solution of starch, to 
which it imparts a fine blue colour. This is one of the most delicate 
tests. The reaction serves equally well for the detection of HNO^ 
(which see) thus : 

2KI + 2KNO3 -h 4HC1 = I2 + 4K01 + -h 20H,. 

A solution containing free iodine may also be shaken up with a 
few drops of carbon disulphide, which dissolves the iodine, assuming 

* Agl is very soluble in either the strong haloid acids or in the salts of 
haloids, especially so in lithium chloride and fluoride. AgNO, may be dropped 
into strong KI solution and the Agl formed observed to dissolve imnjediately. 
Water or nitric acid reprecipitates Agl. With the latter some AglO, is liable 
to be formed. 


L 
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a fine violet colour. Ether dissolves iodine, but the colour which is 
produced resembles ether coloured by bromine. „,xt 

Bromine or chlorine (or what amounts to the same, ClNaO and 
HCl, or metallic peroxide# or perchlorides, e.g., BaO,, PbO„ MnO^ 
and HCl, or Fe^Cl, and HCl), liberate iodine from iodides. According 
to the quantity of iodide employed, the iodine sep.yates either as a 
bluish-black powder, or it merely colours the solution brown. 

The methods adopted for the extraction of iodine from metallic 
iodides are all based upon the expulsion of iodine by oxygen (or its 
equivalent of chlorine or bromine). Iodine is obtained by distilling 
an iodide with an oxidising agent and sulphuric acid, e.g ., — 

2KI -f- MnO, -I- 2H,SO, == + MnSO, + K,SO, + 20H,, or 

6KI -t- K,Cr,0, + 7H,SO, = 31, + Or,(SOj3 -H 4K,SO, + 70H,. 

Concentrated acids, such as H,SO^, or HKO,, decompose iodides 
with separation of bluish-black scales of iodine and evolution of SO, 
or lower oxides of niti'ogen, thus : 

2KI + 2H,SO, = I, + K,SO, 4- SO, + 20H,. 

2KI + 4HNO, = I', + 2KNO., -l- KO, -I- 20 H,. 

On fusing an iodide with hydrogen potassium sulphate, HKSO^, 
iodine is likewise liberated, thus : 

2KI -1- 4KHS0, = 3K,S0, + SO, -H J, -t- 20H,. 

On examining for traces of iodine in aqueous solutions by the 
action of chlorine, excess should be carefully avoided, a,s the iodine 
is oxidised by the chlorine to colourless iodic acid, which does not 
give the blue colour with starch, or the violet colour to the carbon 
disulphide solution. Previous to this a tri-chlorine of iodine, ICl,, is 
very likely formed. The blue colour of iodide of starch is destroyed 
by various reducing agents, such as SO,, SH,, As^O,, Sn01„ and 
HgjClj. Alkalies also destroy the colour, but it reappeai’s on acidi- 
fication. The colour does not show so well in hot solutions. 

The destruction of the blue colour of iodide of starch by various 
reducing agents is due to the decomposition of water by the iodine, 
with formation of HI, the oxygen being transferred to the reducing 
agent, thus : 

HjSOj (a dilute solution) -b I, -f- OH, = H,SO. + 2HI. 

SH^ + I3 = 2HI -b S. ■ 

H3ASO3 -b I, -b OH, = 2HI -b H3ASO,. 

Hydriodic acid solution is usually prepared by acting upon iodine 
suspended in water (or dissolved in hydriodic acid), with a current 
of SHj. Sulphur separates and is removed by filtration, and the 
solution of hydriodic acid concentrated by distillation. This solution 
absorbs oxypn from the air, water being formed and iodine liberated, 
which di^olves in the undecomposed hydriodic acid and imparts a 
brown colour to the liquid. 
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Gaseous HI is best obtained by the decomposition of PI3 by 
water. PI^ is made by dropping iodine crystals on to dry phosphorus^ 
either a or preferably the latter, as it caij^be dried in an oven ; PI3 
is formed on very gently warming. This may be made in a flask or 
test-tube fitted with cork and tube (see ante)j and a dropping 
funnel containing water. An excess of phosphorus should be present. 
HI is a very heavy gas and fumes more strongly than HBr or 
HCl in moist air. The tube in which it is collected must be very 
thoroughly dried. Perform the same series of experiments with HI 
as with HCl. 

The few insoluble iodides may be fused with alkaline carbonates, 
or in the case of Agl and Pbl^ decomposed by means of metallic 
zinc. The aqueous extract is examined for iodine, and the residue 
for the metal. 

IODIC ACID^ HIO3. — Potassium iodate is obtained, like the 
corresponding chlorate and bromate, by dissolving iodine in hot 
potassium hydrate. The iodate crystallises out fi.rst, being much 
less soluble than KI. The free acid can be prepared by decomposing 
barium iodate with sulphuric acid, thus : 

Ba(I03), + = 2HIO3 + BaSO,. 

Iodic acid is best obtained by the action of strong boiling nitric 
acid upon iodine, or by passing chlorine through iodine suspended in 
water or dissolved in an alkaline iodide. This product is not pure. 
In addition to HIO3 there are some higher oxidation products and 
the anhydride IgO^. 

lodates are said to exist in sea water. 


DRY REACTIONS. 

All iodates are decomposed upon ignition, some breaking up into 
an iodide, with evolution of oxygen ; others into metallic oxides,, 
iodine and oxygen being expelled. When heated with charcoal they 
explode less violently than chlorates or bromates. 


REACTIONS IN SOLUTION. 

A solution of potassium iodate, KIO3 is used. 

Alkaline iodates alone are soluble in water. 

BaClj gives a white precipitate of barium iodate, nearly insoluble 
in water and difficultly soluble in dilute nitric acid. 

AgNOj produces a white crystalline precipitate of silver iodate, 
sparingly soluble in water and in dilute nitric acid, readily soluble 
in ammonium hydrate (distinction from HI). On the addition of a 
reducing agent, c.gr., SO^, to the clear ammoniacal solution of silver 
iodate, a yellowish precipitate of Agl is obtained, thus : 

AglO^ + 3H,S03 - Agl + 3 H 3 SO,. 



j64 hydrofluoric ACID. 

Potassium iodate is decomposed by SH„ with formation of potas- 
sium iodide and sulphuric acid, and precipitation of sulphur; by 
H SOs, with sepai'ation of iodine, which (by the decomposition of 
water) is converted into liydriodic acid. 

An iodate and iodide act upon each other in the presence of 
weak acids (e.g., acetic acid), with liberation of iodine. Traces of an 
iodate in potassium iodide can, therefore, be detected by means of 
the starch reaction.* 

lodates which give off iodine when they come in contact with 
various reducing agents, e.g., S 0 „Na,Sj 03 , SnCl„ differ, however, in 
a marked manner from chlorates and bromates by remaining unacted 
upon by concentrated sulphuric acid, unless the action be assisted by 
deoxidising agents, such as ferrous salts, kc. 

HYDROFLUORIC ACID, HF. — Fluorine minerals, as 
CaF„ Al,Fg(lNaF)j, yield HFby the action of strong acids (sulphuric, 
phosphoric). No compound of F and O alone is known, although 
many metallic oxides form with it oxyfluorides. 


DRY REACTIOXS. 


Heated out of contact with the air, most fluorides melt but other- 
wise remain unchanged. Volatile fluorides can be distilled; but 
when heated in a moist atmosphere, or if water be added, they are 
decomposed into oxides (oxyfluorides) and hydrofluoric acid. The 
changes which fluorides undergo in the dry way are of two kinds. 

1st. The fluoride gives oflT hydrofluoric acid gas, which corrodes 
glass. — By heating a fluoride containing water in a piece of combus- 
tion tubing, open at both ends, before the blowpipe, the glass around 
the fluoride is attacked. The experiment may be carried out also by 
mixing a little microcosmic salt with the fluoride. 

By heating a mixture of a fluoride with hydi'ogen potassium sul- 
phate, HF is disengaged, thus : 


OaFj + 2KHSO^ = CaSO, + K^SO^ + 2IIF. 


If the operation is done in a test-tube, the gas corrodes the upper 
part of the tube on account of its action upon the .silica of the glass, 
with which it forms a gaseous compound, silicon fluoride, SiF., 
thus; 


(See Fluorine.) 


4HF -f- SiO, = SiF^ + 20 H^. 


• fluoride is decomposed by hydrogen potassium sulphate 

m the presence of a borate, with formation of volatile boron fluoride, 
heating a mixture t of powdered hydrogen potassium sul- 


should invariably contains some iodate. Before using it 

Ignited, melted, either alone or better with a little charcoal or 


t 10 mol. of KHSO, (=10 x 1.36). 
3 mol. of CaFj ( = 3 x 78). 
1 mol. of BjOjNa^ 202. 
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phate and fused borax with the finely powdered fluoride, on the 
loop of a platinum wire, in the clear flame of a Bunsen gas lamp, 
boron fluoride is disengaged, imparting a^b^utiful yellowish-green 
colour to the flame. But this is useless as indicating the presence of 
HP unless care is taken to distinguish between it and the colour 
given to^lihe flame by the acid and borax alone. 


REACTIONS IN SOLUTION. 

Employ a solution of an alkaline fluoride. 

Most metallic fluorides are solid ; others, again, such as the 
fluorides of the metals whose higher oxides possess acid properties, 
form volatile, fuming, highly corrosive liquids, or are gaseous at 
the ordinary temperature. Non-metallic elements form gaseous or 
liquid fluorides. 

Fluorides are either soluble in water and more or less crystalline, 
such as KF, NaF, NH,F, AgF, SnP„ 

Fe^Fg, HgFg, Al^Fg, or insoluble or very 
sparingly soluble in water, and amor- 
phous when obtained by precipitation, 
e.g.^ CaF^, BaF^, PbF^, ZuF^, CuF^. 

The reactions which a soluble 
fluoride gives by double decomposition 
with solutions of salts, whose metals 
form insoluble fluorides, are not very 
characteristic. 

BaClg produces a bulky white pre- 
cipitate of barium fluoride, BaF 2 , soluble in hydrochloric acid and in 
much ammonium chloride. 

CaOlg (or Ca(HO) 2 ) gives a gelatinous translucent precipitate of 
calcium fluoride, OaF^, which becomes more marked by the addition 
of ammonium hydrate. CaFg is slightly soluble in cold hydrochloric 
or nitric acid, more soluble in boiling hydrochloric acid, less soluble 
in acetic acid, insoluble in free hydrofluoric acid, soluble to some 
extent in a^mmonium chloride. 

AgNOg produces no precipitate. (Distinction between HF and 
HOI.) 

It is preferable to test for HF by the reactions based upon the 
formation of gaseous SiF^ or BF 3 . 

All fluorides (soluble or insoluble) are decomposed on heating with 
concentrated sulphuric acid, with disengagement of HF, a metallic 
sulphate being left, thus : 



CaF, + H^SO^ = 2HP + CaSO^. 


The preparation of hydrofluoric acid is best performed by treating 
the fluoride with sulphuric acid in a small leaden cup heated over a 
water-bath (Fig. 23), and connected with a leaden U-tube, sur- 
rounded with ice, for the condensation of the acid. 

Hydrofluoric acid gas is highly corrosive and should not be 
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inhaled. If it come in contact with silica (c.gr., in glass), SiF^ is 
formed, and the glass becomes corroded or etched. 

Its reaction upon glass may be shown also by covering a platinum 
crucible containing a little finely powdered fluoride and concentrated 
sulphuric acid with a piece of glass, c.gr., a watch glass. The vapour 
of the evolved hydrofluoric acid corrodes the glass. The^ action of 
the hydrofluoric acid becomes apparent when the glass is covered 
with a thin layer of melted wax, and some design scratched on the 
waxed side with a pointed instrument. The gas acts upon the 
unprotected portion of the glass. The design will be found etched 
more or less deeply into the glass, after the removal of the wax. 
Mere traces of a fluoride are thus detected, and as no other sub- 
stance attacks glass similarly, the reaction is perfectly characteristic 
for hydrofluoric acid. It should be remembered, however, that the 
softer kinds of glass are liable to be corroded by the vapour of 
ordinary acids alone. In doubtful cases, therefore, it is preferable 
to employ a glass-bulb blown out of combustion glass, or else a plate 
of rock-crystal. 

If the fluoride contains much silica, sulphuric acid disengages 
silicon fluoride instead of hydrofluoric acid, which does not attack 
glass; but when passed into water — best by letting the delivery- 
tube dip into a little mercury under the water to keep the tube 
opening clear — it is decomposed into hydrofluosilicic acid and into 
Si(HO) 4 , thus : 


3SiF, 40H, = Si(HO)^ -f 


This reaction is employed for detecting fluorine in silicates, or if 
applied to fluorides which are free from silica, vsome finely powdered 
quartz or glass is first mixed with the fluoride, before treating it with 
sulphuric acid. 

The experiment may be performed in a glass flask or small stone- 
ware bottle, provided with a wide delivery-tube, which dips under 
mercury contained in a small porcelain cup at the bottom of a beaker 
or glass cylinder. Care should be taken that the inside of the 


delivery^ tube remains perfectly dry when the receiving vessel is 
filled with water. A mixture of one part ]>y weight of finely 
powdered fluorspar, and one by weight of fine sand is introduced 
into the glass or stoneware vessel. Seven to eight parts by weight 
of oil of vitrol are added, and the whole shaken gently together and 
heated upon a sand-bath. Each bubble of the evolved SiF , on 
passing through the water, is decomposed, with separation of gela- 
tinous silica, which after a time fills the water in the form of a dense 
jelly. The sihca is separated by straining through a cloth from the 
hydrofluosilicic acid, which may be returned to the glass cylinder, 

W U q’^ntity of SiF, passed through, till the acid solution 

has become sufficiently concentrated. 

confining fluorides which are not decomposed by sul- 

parts of fusion mixture. The fused 
mass is extracted with water and filtered. The filtrate contains the 
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fluorine in the form of alkaline fluorides together with the alkaline 
silicates. On slightly acidulating with dilute hydrochloric acid to 
decompose the excess of alkaline carbonates, and then digesting with 
ammonium hydrate, Si(HO) 4 , is preci pitted, which can be filtered 
off, leaving the alkaline fluoride. On adding Ca(HO )2 or CaCl^, and 
digesting at a gentle heat, a gelatinous precipitate of CaF^ is obtained, 
which is filtered off, dried, and examined. If phosphoric acid be 
present, the precipitate contains Ca 3 P 20 g, as well as CaF^, which 
does not, however, interfere with the disengagement of hydrofluoric 
acid gas. 

Insoluble fluorides, OaFg, are not completely decomposed by 
fusion with alkaline carbonates unless SiO^ be present. 

HYDROFLUOSILICIC ACID^ 2HF,SiF,.— Obtained by 
passing silicon fluoride into water and separating the precipitated 
silica by filtration. 

It forms salts, called silicofluorides, or fluosilicates, on acting upon 
metallic oxides, hydrates, or metals, such as Fe or Zn (these latter 
with evolution of hydrogen), of which the potassium and barium 
silicofluorides are insoluble. 


DRY REACTIONS. 

Silicofluorides are decomposed by heat into fluorides and silicon 
fluoride. 


REACTIONS IN SOLUTION. 


A solution of the acid may be employed. 

On evaporating a solution of hydrofluosilicic acid, it volatilises, 
and is decomposed into SiF^ and 2HF. The acid ought not, there- 
fore, to be heated in a glass vessel. 

A few silicofluorides, 2KF,SiF^, 2NaF,SiF4, BaF^jSiF^,* are diffi- 
cultly soluble in water, and are quite insoluble in alcohol. ^ Most 
other metallic silicofluorides are readily soluble in water. 

BaClg precipitates translucent crystalline barium silicofluoride, 
BaF 3 ,SiF 4 , which falls out very readily. The precipitation is complete 
on the addition of an equal volume of alcohol. Strontium is not 
precipitated. (Distinction between barium and strontium.) 

KOI gives a translucent gelatinous precipitate of potassium silico- 
fluoride, 2KF,SiF^. 


* The formulae of these double fluorides may be written on the same type 
ns the double chlorides, although, as yet, any absolute proof of “ ring ” or 
cycloid grouping is wanting. 
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NHDH separates Si(HO)4 and forms NII^F. 

On heating a metallic silicoflnoride with concentrated sulphuric 
acid, hydrofluoric acid is ^volved. 

PHOSPHORIC ACID9 H3pO^. — This acid is never met 
with in the free state in Nature, but in combination with bases, such 
as CaO, MgO, AI3O3, FeO, Fe303, PbO, as bone-ash, sombrerite, 
coprolite, apatite, wagnerite, wavellite, vivianite, pyromorphite, &c. 

DRY REACTIONS. 

Most anhydrous metallic phosphates, when mixed- with dry 
sodium carbonate and carbon, or black flux, or heated together with 
metallic sodium or magnesium in a narrow ignition-tube, yield phos- 
phides of these metals recognisable by the smell of PH 3, wdiicli is 
given off when they are moistened with water. 

Normal phosphates of fixed bases are not decomposed upon igni- 
tion. Mono- and di-hydrogen normal phosphates lose water, and are 
converted into pyro- and metaphosphates, thu^ : 

(1) 2Na,HPO, = + OH,. 

Sodium 

pvrophosphato 

(2) NaH,PO, = NaPO, 4- Oil,. 

Sodium 

metapliosphate 

Fusion with caustic or carbonated alkalies conveits pyro- and 
metaphosphates into noiiiial or orthopho>phates. Boiling with acids 
also effects this conversion. 

Alkaline earthy phosphates are only partially decomposed by 
fusion with alkaline carbonates ; mot othcr.'^^, magnesium, 

ferric, zinc, nickel, manganous, cupiic phosphates are comjdetely 
decomposed. The residue contains trisodium and trijiotassium 
phosphates. AkP^Og can only be decomposed by fusion with silica 
or sodium silicate (water glass) and fusion mixture,^' being converted 
into sodium aluminium silicate and trisodium phosphate. (Comp. 
Aluminium Compounds.) 

REACTIONS IN SOLUTION. 

Employ a solution of hydrogen disodium phosphate, HNa^PO^. 

Phosphates may be divided into — 

1st. Phosphates which are soluble in water, comprising tho 

alkaline phosphates only” ; their solutions react alkaline ; 
and 

2nd. Phosphates -which are insoluble in -water, but soluble in 
mineral acids (some also in acetic acid), comprising all 
other metallic phosphates. 

Ore part of SiO., together -a-ith six parts of fusion mixture. 
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The following are some of the more important reactions by 
double decomposition : 

BaCl^ yields a white precipitate of hyc^pogen barium phosphate, 
BaHPO^, difficultly soluble in ammonium chloride, soluble in nitric 
or hydrochloric acid. 

CaCl^ or CaSO^ produces a white precipitate of calcium phosphate, 
CagP^Og, readily soluble in mineral acids ; soluble in acetic acid, when 
freshly precipitated ; slightly soluble in ammonium chloride. 

In dilute solutions of phosphates, NagHPO^, for instance, calcium 
chloride sometimes fails to produce a precipitate. This may be due 
to the slight decomposition of calcium chloride in solution in water 
into calcium oxychloride and HCl which retains the calcium phos- 
phate in solution ; or to the formation of an acid calcium phosphate, 
CaHPO^. Addition of ammonia brings down the precipitate CajP^O^ 
in all cases. 

MgSO^ (or better still MgCl^) in the presence of ammonium 
chloride and ammonium hydrate produces a white crystalline, 
quickly subsiding precipitate of ammonium magnesium phosphate, 
NH^MgPO^ + 6 Aq, insoluble in ammonium hydrate, readily soluble 
in acids, even acetic acid. A dilute solution of a phosphate is only pre- 
cipitated after some time. The precipitation is promoted by stirring 
and allowing the liquid to stand in a warm place, when the precipitate 
is seen to adhere, in the form of white streaks to those parts of the 
glass vessel which have been touched by the glass rod. Arsenic acid 
gives a similar precipitate. 

AgNOg gives a light yellow precipitate of silver phosphate, 
AggPO^, soluble in ammonium hydrate and in nitric acid. 

Lead acetate produces a white precipitate of lead phosphate, 
Pb3P203, readily soluble in nitric acid, almost insoluble in acetic acid, 
as well as ammonium hydrate. If the precipitate is fused before the 
blowpipe on charcoal, the bead appears crystalline on cooling ; no 
reduction to the metallic state takes place. 

Fe^Clg gives a yellowish-white gelatinous precipitate of feiric 
phosphate, FCgPgOg, soluble in hydrochloric acid. The precipitate is 
somewhat soluble in excess of ferric chloride. 

When phosphoric acid has to be removed from a phosphate dis- 
solved in hydrochloric acid, e.g.j from the alkaline earthy phosphate, 
CagPgOg, the free acid is nearly neutralised and then sodium acetate 
is added, which by double decomposition with the free hydrochloric 
acid, forms sodium chloride and free acetic acid, in which the preci- 
pitate, produced by a slight excess of ferric chloride, is insoluble. 
The mixture is heated nearly to boiling ; a reddish-brown precipitate 
is obtained, which contains the whole of the phosphoric acid, together 
with some basic ferric acetate. It must be filtered hot, and washed 
with hot water; the filtrate contains the alkaline earthy bases as 
chlorides. 

Small quantities of phosphoric acid, in the presence of large 
amounts of a ferric salt, such as are met with in solutions of iron 
ores, of pig iron, steel, &c., are best removed by first reducing the 
ferric to ferrous salt by boiling with sulphurous acidj nearly neutral- 
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isino- with sodium carbonate, and lastly adding sodium acetate and 
a few drops of ferric chloride (or by reoxidising a small portion of 
the ferrous salt by the addition of a little chlorine water, or a drop 
or two of bromine water). The phosphoric acid is precipifeted by 
warming. Loss ax'ising from the solvent action of ferric acetate 
is avoided, as ferrous acetate does not dissolve ferric phosphate, 

H3AS64 exhibits with ferric chloride a similar reaction, and has 
therefore to be separated from an acid solution, by reduction with 
sulphurous acid and precipitation by a current of SH^ gas. 

Small traces of phosphorus (phosphoric acid), usually found in 
soils, iron ores, in pig iron, steel, sheet copper, &c., may also be 
precipitated after dissolving the ore or metal in hydrochloric and 
nitric acids, ^vhereby the phosphorus is converted into H3PO^, and 
after driving off the excess of acids by evaporation and taking up 
the residue with concentrated nitric acid, by adding a solution of 
ammonium molybdate and concentrated nitric acid ; the silicic acid 
is separated by evaporation to dryness; and arsenic acid, if present, 
should be first removed by sulphuretted hydrogen. On digesting 
the solution at a gentle heat (t>0 C.) for some time (hours if neces- 
sary), a bright yellow precipitate of ammonium phospho-molybdate 
is obtained. 

The constitution of this precipitate is somewhat complicated ; it 
contains molybdic acid, ammonia, and phosphoric acid ^ (about 3 
per cent.). By washing the yellow precipitate with a solution of 
ammonium molybdate, and lastly with a solution of ammonium 
nitrate, and then dissolving it in ammonium hydrate, filtering, and 
adding NH^Cl, NH^OH and MgSO^, the phosphoric acid is obtained 
as NH^MgPO^. 

White of egg (albumen) is not coagulated by tribasic phosphoric 
acid, nor by a solution of an orthophosphate acidulated wdth acetic 
acid. 

phosphoric ACIDy If^PyO-. — P^u’ophosphates 
are obtained by heating monhydric phosphates. ' They are of little 
importance, however, since they are not usually met wuth in natural 
compounds, and as they are speedily converted by the action of acids 
and alkalies into tribasic phosphates. 


REACTIONS IN 


SOLUTION. 

Employ a solution of sodium pyrophosphate, Na^P, 0 „ 

Alkahne pyrophosphates are soluble in water. 

insoluble in water, hut soluble in dilute acids. 
AsrXO ^ soluble pyrophosphate is indicated on adding 

Ae P O precipitate of silver pyrophosphate, 

ammonium hydrate. 

solution ofTpyrophosphata^*^ 

4)2 ^^4 (ammonium molybdate) does not give a precipitate 


MoO, 


7 p.c , 3 1 p . (XHjp, 3 Q OH.^, 2*6 p.o. 
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until by the action of mineral acids the pyrophosphate has been con- 
verted into a normal phosphate. 

METAPHOSPHORIO ACro,^HP03, is distinguished 
from the tetra- and tribasic acid as follows : 

Albumen gives an abundant white precipitate with the free acid, 
and with soluble metaphosphates on the addition of acetic acid. 

Magnesia mixture fails to precipitate soluble metaphosphates. 

AgNOg produces a white precipitate of silver metaphosphate. 

In the ordinary course of analysis both pyro- and metaphosphates 
are converted into normal phosphates, and their tetrabasic and mono- 
basic nature is lost sight of. They can, therefore, only be detected 
by special experiments. 

PHOSPHOROUS ACID, H3PO3 (dibasic). — Phosphorous 
anhydride, PgOg, is obtained by the slow oxidation of phosphorus on 
exposure to dry air at the ordinary temperature. By combining 
with water it forms a very weak acid. 

DRY REACTIONS. 

Heated by themselves on platinum foil, phosphites are decomposed, 
burning with a bright flame. Heated in a retort they evolve hydrogen, 
mixed towards the end of the decomposition with PH3, and are con- 
verted into phosphates. 


REACTIONS IN SOLUTION. 

A solution of hydrogen sodium phosphite, HNa^POg, may be 
employed. 

Alkaline phosphites are soluble in water. 

All other phosphites are, for the most part, difficultly soluble or 
insoluble in water, but soluble in acetic acid (lead phosphite excepted). 
Phosphites (as well as hj’^pophosphites) are of interest, mainly on 
account of the powerful reducing action which they exert upon salts 
of various metallic oxides, capable of forming lower oxides, or of 
being reduced to the metallic state, as well as upon the lower oxides, 
&c., of metalloids, e.gr., SOg. 

AgN03 reduced thereby to metallic silver, especially in the 
presence of ammonia and on the application of a gentle heat, 

HgClj and Hg2(N03)2, are reduced to Hg^Cl^ and metallic mercury. 

SOg forms a phosphite with liberation of sulphur and evolution 
of SH3. 

If a phosphite be mixed with zinc and dilute acid, a mixture of 
hydrogen and PH3 is evolved which fumes in the air and burns with 
an emerald-green colour. From a solution of silver nitrate PAgg 
and metallic silver may be precipitated by passing the gases through. 

The difficultly soluble phosphites of Ba, Ca, Pb, &c., are obtained 
by double decomposition, the latter salt beingj insoluble in acetic 
.acid. 
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HYPOPHOSPHOROUS ACID, H.HjPO, (monobasic). — 
Obtained by the action of alkalies or hydrates of the alkaline earthy 
bases upon a-phosphorus ^d water. 

+ 30H, + 3 IvHO == 3(KH,PO,) + PH 3 . 


DRY REACTIONS. 

Hypophosphites are decomposed upon ignition into pyrophos- 
phates and PH 3 . 

4KH,PO, = K,P,0, + 2 PH 3 + OH,. 


REACTIONS IN SOLUTION. 

A solution of potassium hypophosphite may be employed. 

All hypophosphites are soluble in water. They constitute even, 
more powerful reducing agents than the phosphites. 

Nitric acid or chlorine water changes them into phosphates. 

HjSO^ is reduced to partly even to sulphur. 

CuSO^ is reduced to metallic copper (cupric hydride ?). 

HgCl, is reduced to Hg^CU, and then to mercury. 

AuOl, and AgNOg yield the metals. 

Zn + HgSO^ (nascent hydrogen) yield H, and PH 3 . 

In the ordinary course of analysis, both phosj)horous and hypo- 
phosphorous acids are converted into phosphoric acid, and they must 
therefore be identified by the special reactions just descril^ed. 

Their soluble salts will act as photographic developers but are 
inconvenient substances to obtain. 

SILICIC ACID (H^SiO^) (?). — Silicic anhydiide or silica, SiO,^ 
occurs in Nature both in a crystalline and amorphous condition, either 
in the free or combined state. Quartz and rock crystal are com- 
posed of almost pure crystalline silica. Opal, hyalite, and some other 
minerals consist of amorphous silica, and are probably deriv’ed 
from silicon hydrate by a process of slow dcdiydxation. Other 
silicious bodies, such as chalcedony, agate, flint, are principally 
composed of amorphous silica, or of a mixture of the two. 

The compounds of silica with bases, especially with OK,, ONa,,. 
CaO, MgO, Al^Og, FeO, MnO, are exceedingly numerous, and vary to 
a very great extent in their constitution and properties. 


DRY REACTIONS. 

Both varieties of silica are characterised by their infusibility 
when heated by themselves before the blowpipe, or in a bead of 
microcosinic salt. Pure silica fuses with sodium carbonate to a clear 
g ass, which, if sufficient silica has been used, remains transparent, 
on coo Silicates rich in silica behave like pure silica. If a 

ragment of a silicate is heated with microcosmic salt, its base or 
bases are dissolved, while the silica is seen to float about in the liquid. 
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phosphate bead as a silica skeleton. Silicates containing coloured 
oxides give rise to opalescent beads in which the SiO, can be distin- 
guished only with difficulty. 

When silica, or a silicate rich in silica, ft heated on platinum wire 
before the blowpipe with sodium carbonate, the SiO^ displaces the 
COg, and forms a clear glass of sodium silicate. The alkaline car- 
bonate should not be employed in excess. Calcium and magnesium 
silicates do not dissolve to a clear bead as a rule. 

Beyond identifying silica and obtaining a general knowledge of 
the nature of any silicate under examination, respecting its fusi- 
bility, state of hydration, &c., the blowpipe reactions fail to supply 
distinguishing tests regarding the chemical composition of these 
bodies, since a very large number of silicates differ from each other 
merely in the relative proportions of their component metallic 
elements. 


REACTIONS IN SOLUTION. 

Silicates may be divided into — 

1. Silicates which are soluble in water, include only potassium 
and sodium silicates ; and 

2. Silicates insoluble in water, including all others. 

These latter silicates are either soluble in concentrated hydro- 
chloric or sulphuric acid, or partly soluble and partly insoluble, or 
lastly insoluble in these acids. 

All insoluble silicates are attacked by hydrofluoric acid, with 
disengagement of silicon fluoride, or by fusion mixture (or caustic 
baryta) at a high temperature. 

By treating an aqueous solution of sodium silicate, Na^SiOg, with 
•dilute hydrochloric acid, it is decomposed into NaCl and H^SiO^. 
The latter remains either dissolved in the acid, or is partially 
separated as a flaky or gelatinous mass. On evaporating in a 
porcelain dish over a water-bath, the gelatinous mass becomes 
firmer, and can be broken up, by means of a glass rod, into lumps, 
which speedily lose their water, leaving anhydrous silica. The dried 
mass is treated with a little concentrated hydrochloric acid and hot 
water, when NaCl is dissolved out (together with small quantities of 
A1 and Fe — impurities in the sodium silicate), and the silica remains 
insoluble. 

Ammonium chloride or carbonate precipitates H^SiO^ from a 
solution of sodium silicate. Salts of most -of the heavy metals, as 
well as of the alkaline earthy metals, form by double decomposition 
with a soluble silicate, white or yellowish -white silicates, soluble in 
dilute hydrochloric or nitric acid, which, however, possess no charac- 
teristic properties. It is, therefore, necessary to remove the silica in 
order to detect bases, by evaporating to dryness with hydrochloric 
acid. On digesting the dry mass with a little hydrochloric acid, the 
metallic oxides are dissolved, and can be separated by filtration from 
the silica. SiOg, like PgO^, is detected whilst testing for bases. 

Most natural and artificial silicates are insoluble in water. Many, 
e.gr., zeolites, as well as certain artificial silicates, such as slags from 



decomposing silicates. 

blast furnaces, <kc., are decomposed on digesting the finely powdered 
silicate with concentrated hydrochloric acid. 

Silicates, such as^ kaoUii and clays, which are not attacked by 
hydrochloric acid, can frfexjuently be decomposed, either partially or 
wholly, by hot concentrated sulphuric acid diluted with about one- 
third of its weight of water ; many natural silicates yield more or 
less silica, on treatment with hydrochloric acid, which silica niay be 
taken to represent the soluble silica or the decomposable silicates, 
leaving the greater portion of the mineral behind in its original 
condition. 

Silica, or silicates insoluble in acids, forming by far the greater 
number, are readily attacked by gaseous hydrofluoric acid, or by 
fluorspar and H^SO^, gaseous SiF^ being given oft. This method may 

be resorted to when alkalies are present in 
a silicate, as, in felspar. A little of 
the finely powdered silicate is moistened 
with strong ammonia, put into a platinum 
crucible or small platinum capsule, and 
exposed to the action of gaseous HF. 
This gas should be generated in a leaden 
or platinum vessel. The platinum crucible 
is to this end supported on a lead tripod 
in a small leaden basin, which can be i 
closed with a lid of the same metal. A 
layer of fluorspar is put at the bottom of 
this vessel, mixed and covered with con- 
centrated sulphuric acid. The leaden 
vessel after being covered is placed for a 
day or two in a warm place. The crucible 
is then taken out, and its contents' 
cautiously evaporated by applying a gentle 
heat, as shown in Fig, 24, from the upper part of the crucible down- 
ward, till the whole of the ammonium fluoride has been driven oflT, 
The dry residue is dissolved in hydrochloric acid and tested for bases. 

A small residue is usually left, which is filtered off and treated once 
more in the same manner. 

An expeditious way of detecting SiO^ with certainty is to warm 
a little of the finely powdered mineral, mixed *%vith fluorspar, with 
strong sulphuric acid in a piece of lead tube closed at one end, and 
bent almost into a U-form, with the open limb shorter than the 
other. On arranging this to dip only just below the surface of water 
in a small beaker, and applying heat to the closed limb containing 
the mixture, SiF^ will be given oft*, and form gelatinous SiO, in 
contact with the water. 

The same result may be obtained more expeditiously by treating 
the mineral in a platinum crucible with liquid hydrofluoric acid, and 
evaporating cautiously in a well-ventilated draught closet. The 
residue is dissolved in hydrochloric acid. Any insoluble part 
I® separated by filtration and treated again with 
hydrofluoric acid. This treatment has generally to be repeated 



Fig. 24. 
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several times, before the whole of the bases are obtained in a soluble 
condition. 

Treatment with OaFj, and concentrated H^SO^ is sometimes objec- 
tionable, on account of the formation of instable CaSO^-OH^. 

A less cumbersome yet equally satisfactory method for decom- 
posing silicates in order to detect the alkalies in them is the follow- 
ing : — Mix *5 grm. of finely powdered silicate intimately with *5 grm^ 
of pure NH^Cl, and then with 4 grms. of pure precipitated granular 
calcium carbonate,* and heat the mixture in a platinum crucible, 
first gently and by means of a small Bunsen flame till the ammonia 
is volatilised. Then apply a stronger heat, and lastly heat for half 
an hour over a good Bunsen lamp. The sintered mass consists now 
of caustic lime, disintegrated silicate (rendered soluble in acids), and 
alkaline chlorides soluble in water, besides CaCl^. It is next slaked 
and repeatedly extracted with small quantities of hot water at a 
time. The liquid after filtration is free from silica and contains the 
alkali metals as chlorides. The lime in solution is removed by pre- 
cipitation with ammonia and ammonium oxalate, and the filtrate 
evaporated to dryness and gently ignited, when the fixed alkali salts 
are left behind. 

All silicates insoluble in water and acids may be decomposed by 
fusion with alkaline carbonates (fusion mixture). They are first 
gronnd up very finely in an agate mortar, then intimately mixed 
with three or four times their weight of fusion mixture and heated 
in a platinum crucible as long as any CO^ is given oflT. This may be 
done over a good Bunsen gas lamp or by means of a gas blowpipe. 
(A platinum crucible can be employed with safety only when the 
absence of easily reducible and fusible metals has been established 
by a preliminary examination of the silicious substance on charcoal.) 
The mass is at once treated with dilute hydrochloric acid and evapo- 
rated to dryness. The residue is treated with a little HCl, water 
is added, and the solution of the base filtered from the silica. The 
alkalies must be examined for in a separate portion by treatment 
with hydrofluoric acid. 

Pure amorphous silica dissolves completely when boiled with an 
aqueous solution of fixed caustic or carbonated alkalies. 

SiOg is separated from TiOg (titanic anhydride) by fusion with 
HKSO 4 , and subsequent treatment with water ; the SiOg remains 
undissolved. The TiOg is precipitated from the acidulated aqueous 
solution by long-continued boiling. 

BORIC ACID, H 3 BO 3 (Orthoboric Acid).— Is found in 
Nature both combined and in the free state. 

DRY REACTIONS. 

Most borates swell up when heated by themselves, and fuse 
into a transparent glass. The free acid forms scaly crystals, 

* Prepared by precipitating a dilute solution of CaClg, at 70° C. with excess 
of ammonium carbonate, and washing the precipitate thoroughly with hot 
water by decantation. 
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possessing a pearly lustre and feeling peculiarly greasy to the 
touch. 

When heated to 100 "^ C. the crystals lose water and become con- 
verted into metaboric acftt, HBO^, and by further heating this acid 
fuses to a colourless transparent, glassy-looking mass of boric anhy* 
dride, B2O3, which can be kept in a fused condition without loss from 
volatilisation. 

A mixture of KHSO^ and a borate, heated on a platinum wire in 
the blowpipe flame, imparts a green colour to the flame, owing to the 
liberation of boric acid. 

To detect small quantities of boric acid before the blowpipe, the 
borate is powdered and mixed with KHSO^ and CaF^.* The mixture 
is made into a stiff paste with a few drops of water, and cautiously 
introduced, on the loop of a platinum wire, into the inner blowpipe 
flame, when the outer flame acquires momentarily a yellowish-green 
tint, owing to the volatilisation of boric fluoride, BP3. Phosphates, 
as well as copper salts, when moistened with sulphuric acid and heated 
in the outer flame, give likewise a green tint to the flame. 


REACTIONS IN SOLUTIONS. 


A solution of borax, Na^B^^Oy, is used. 

The alkaline borates are soluble in water, all others are difficultly 
soluble, but none are absolutely insoluble. All borates dissolve in 
acids and ammonium chloride. 

The precipitates produced by double decomposition of a soluble 
alkaline borate with salts of the alkaline earths, or with lead, silver, 
mercurous, or ferrous salts, &c., are white or yellowish-white, and are 
readily soluble in acids and ammonium chloride. 

The free acid dissolves in water and alcohol, and its solutions 
impart to a Bunsen gas flame a fine green colour. An alcoholic 
solution inflamed in a porcelain dish, or, better still, in a test tube, 
gives the same characteristic flame, and the colour becomes all the 
more perceptible when the burning alcohol is stirred with a glass 
rod. The B2O3 is volatile along with the alcohol, which is not the 
case with other substances, as Cu or Ba salts. A borate mixed with 
strong sulphuric acid shows the same reaction, but it is preferable 
to^ make a paste of the substance with strong H^SO^, and to 
bring a small quantity of this on a platinum wire near to the lower 
part of a non-luminous flame. The boric acid is shown by the green 
flame. ^ 


A green flame (of a somewhat greenish-blue tint, however) is 
obtained also by heating many metallic chlorides with alcohol and 
concentrated sulphuric acid (owing to the formation of ethylic 
c oride, OgH-Ol), also by passing hydrochloric acid gas into the 
name 01 burning alcohol. * 

If a borate cannot be decomposed by sulphuric acid, it is fused 


% 

A four parts of the flux (consisting of one part of nowdered CaF» 

and four and a half to five parts of KHSO.). powaerea i^ar* 
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with potassium hydrate, and the fused mass may be extracted with 
alcohol, or it may be tested as above. 

An aqueous solution of boric acid cannot be evaporated without 
loss of acid from volatilisation. > 

An alcoholic solution of boric acid colours turmeric paper reddish- 
brown, especially on drying the strips of paper in a warm place (a 
water-oven). This colour becomes more intense in the presence of 
hydrochloric or sulphuric acid (even in the presence of nitric or 
tartaric acid). The colour produced by heating turmeric paper with 
hydrochloric acid is blackish- brown, and must not be confounded with 
the colour produced by boric acid. The dried paper acquires a green 
or a blackish tint when touched with alkalies, as soda. 

Hydrofluoric acid (or H^SO^ and OaF^) decomposes all borates, 
with formation of volatile boric fluoride, thus : 

Na,Bp, -f GCaF, -t- TH^SO, = GCaSO, -h Isa.SO, + 4BF3 + ^OH^, 

and if the gaseous boric fluoride be passed into water, it forms hydro- 
fluoboric acid, thus : 

4 BF 3 -f- 30H, = 3(BF3,HF) -h H 3 BO 3 
Hydrofluoboric 
acid 

This acid combines with bases, forming borofluorides or fluoborates, 
thus : 

BF3,HF + KHO = BF3,KF + OH,. 


ORGANIC ACIDS. 


HYDROCYANIC ACID (Prussic acid), HCy.— This acid* 
consists of hydrogen and the compound radical cyanogen, Cy, molecule 
GN 

It forms salts called cyanides, which are analogous in their 

chemical constitution to chlorides, bromides, &c. Cyanogen cannot 
be obtained technically by the direct combination of carbon and 
nitrogen, although it is formed in the electric arc, but an alkaline 
cyanide results from the action of caustic or carbonated alkalies 
upon nitrogenous organic bodies, such as fibrin, albumen, tod gelatin 
at a high temperature. Commercial cyanide of potassium contains 
some cyanate, and generally a large quantity of carbonate. 

When organic substances containing nitrogen are heated with 


* The compounds which the radicals cyanogen, ferro- and ferri-cyanogen, 
&c., are capable of forming will be treated somewllat more fully, since a 
thorough understanding of the various reactions is necessary in order to 
analyse cyanogen compounds successfully. 

M 
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sodium or potassium, and some other metals, as Mg or Fe, the two 
elements, C and N, seem to be simultaneously liberated and then 
combine with the alkali (or other metal) to form a compound which 
is very stable at a high ctemperature. In order that the whole of 
the nitrogen may be resolved into this form, it is necessary for any 
oxygen present to be fully taken up, either as water by excess of 
hydrogen, or as 00, carbon monoxide, by carbon. Alkaline cyanides 
are formed in the iron blast furnace. 


DRY REACTIONS. 

KCy and NaOy are not decomposed upon ignition in close 
vessels, as may be inferred from their mode of manufacture ; but 
when heated with free access of air, they are converted into cyanates. 
The same change takes place, only more speedily, when potassium 
cyanide is heated with less energetic oxidising agents, such as MnO^, 
PbOj, PbO, CuO, SnO,, etc., when the metal or a lower oxide is left. 
Heated in the presence of metallic sulphides, it is converted into 
potassium sulphoeyanate, KSCy. Potassium cyanide is on this 
account a most valuable deoxidising and desulphurising agent, and 
is employed in blowpipe reactions whenever a metallic oxide (or 
sulphide) has to be reduced to the metallic state. Cyanides of the 
heavy metals undergo decomposition upon ignition ; some the 
cyanides of the noble metals) break up into metal and cyanogen 
gas ; others into the metal, carbon and nitrogen (^. 5 ^., the cyanides 
of iron) ; others again (such as AgOy, HgCy,, CuOy,, ZnCjg) yield 
cyanogen gas, metallic silver, mercury, ttc., and paracyanogen — a 
brownish-black substance, which is polymeiic with cyanogen, usually 
expressed by the symbol Cy^. 

This deportment of solid cyanides furnishes ready means of 
preparing cyanogen gas, either by igniting dry HgCy„ or AgCy ; 
or by^ heating two parts of dry yellow prussiate of potash, or 
^tassium ferrocyanide, I^^FeCyg, with three parts by weight of dry 
HgClg. 

melting point — 84*4“ C., boiling point, 
20*7^" C. ; specific gravity gas 1-700 ; liquid = -SCO.— It is a colour- 


^ Cyanogen gas should on no account be prepared unless for some special 
precaution against breathing the gas, owing to its 
Cypogen and its compounds with the alkali 
bodies at a high temperature. Great chemical 
be associated with or to depend upon a more or less 
^ymmetncal structure. That of cyanogen may perhaps be represented as 

although an isomeric form is possible and even which 

■would be a ring or closed chain formula. ® ^ ^ 

A cyanid, might than bn 'l" "Wch i. le„ to kaaptog 

®y®hogen molecnle contains, ondoubtedly, “labUe” 
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less gas of peculiar odour, burning with a beautiful purple or peach- 
blossom coloured flame, and yielding CO, and N. The gas is nearly 
twice as heavy as air, and since water diss 9 lves about four times its 
own volume it must be collected over nfSrcury, or by downward 
displacement. In OHOI 3 or 001^ it is much more soluble. An 
aqueous solution decomposes spontaneously into a variety of 
products.* It is one of the few gases which condense to a liquid at 
a moderate pressure (3*6 atmospheres). 

Cyanogen compounds when ignited in a tube with excess of soda- 
lime, give up the whole of their nitrogen as ammonia. 

Reactions . — To test a gas for cyanogen it should be shaken up 
with caustic potash which absorbs the cyanogen, forming cyanide 
and cyanate of potassium, the solution of which may be tested as 
usual. 

It is also absorbed by yellow ammonium sulphide forming sulpho- 
cyanate of ammonium, which is easily identified by the dark -red 
colour it gives with ferric salts. 


REACTIONS IN SOLUTION. 

The cyanides of the alkali metals and alkaline earthy metals are 
soluble in water, the former readily, the latter with difficulty. The 
cyanides of the heavy metals are insoluble in water, with the excep- 
tion of HgCy^ ; but are for the most part soluble in a solution of 
potassium cyanide, forming soluble double cyanides, which are 
frequently crystalline, and which upon ignition are decomposed like 
single cyanides, i.e., the cyanide of the heavy metals breaks up into 
metal and cyanogen, or metal, carbon (carbide ?) and nitrogen, wffiilst 
the "alkaline cyanide is not decomposed, and can be dissolved out 
from the residue. 

The following is a list of some of the more important single 
cyanides, i. 6 ., cyanides which contain only one metal : 


Potassium cyanide, soluble in water 

. 

KCy. 

Sodium 


99 

99 

. 

NaOy. 

Barium 


difficultly soluble in water 

BaCyg. 

Silver 


insoluble in water 


AgOy. 

Zinc 

?? 

99 

99 


ZnOy,. 

Cadmium 

99 

99 

99 


OdOy,. 

Nickel 

99 

99 

99 


NiOy,. 

Cobaltous 

99 

99 

99 


CoOy,. 

Cuprous 

99 

99 

99 


CujCy,. 

Mercuric 

99 

soluble in water 


HgOy,. 


Some of these single cyanides are readily decomposed by acids, 
with evolution of hydrocyanic acid ; others are more stable. 


* It 
actions : 


shohld form ammonium oxalate exclusively from the following re- 

(I) (NH,)A04 - -‘HP = aN,; 

(II) + "HP = (NHJPP,. 


The former can be carried out with the aid of PgOj but the second is some- 
what difficult to manage quantitatively. 
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DOUBLE CYANIDES. 


Double cyanides contain, generally, a cyanide of an alkali metal, 
K or Na, and another cyanide as Zn(CN), or Cd(CN)j, &o. They 
seem to i*esemble to som^ extent some double chlorides, ^^ost, if 
not all the insoluble cyamdes are soluble in an excess of an alkaline 
cyanide. (See AgCy.) 

The action of dilute acids upon double cyanides shows clearly the 
existence of two distinct classes of double cyanides — viz. : 

1st. Double cyanides which are readily decomposable, giving off* 
hydrocyanic acid when treated with dilute mineral acids. They 
possess an alkaline reaction. Their alkaline cyanide is decomposed 
by dilute mineral acids into DClSr and a salt of the alkali metal, and 
into a cyanide of the heavy metal, which remains in combination 
with the liberated HCN, and this cyanide being insoluble is precipi- 
tated, or both cyanides are decomposed, and the whole of the HCy 
is liberated, e.g. : 

(1) KAgCy, + HXO 3 = AgCy 4- HCy + KNO 3 . 

Precipitated 

( 2 ) K,ZnCy, + 4HC1 = ZnCl, + 2K01 -f 4HCy. 

2nd. Double cyanides which possess a neutral reaction and give 
off no hydrocyanic acid, when treated with dilute hydrochloric acid, 
the negative element of the acid forming a salt with the alkali 
metal, whilst the hydrogen or positive element, by uniting with the 
remaining elements, forms a new acid of a more complex nature, 
thus : 

K,EeCy, + 4HC1 = H.FeCy, + 

Hydroferrocyaiiic 

acid 

K,Fe,Cyj, + (;HC1 = H.Fe.Cvj, + (IKCl. 

Hydroferricyanic 

acid 

KgCOjCyjj + CIIC'l — HfCo.Cy,., + (iKlJI. 

Hydrocobalticyanic 

acid 

The single, as well as easily decomposable double cyanides, which 
yield hydrocyanic acid, when treated with dilute mineral acids, are 
moreover remarkable for their highly poisonous character, whilst 
these latter — the double cyanides containing a very stable cyanogen 
radical, e.g,, ferrocyanogen, FeCyg, cobalticyanogen, Co.,Cyj, — are not 
poisonous or not markedly so. 

All these complex cyanogen compounds — both decomposable and 
non-decomposable — may be viewed as double cyanides. 

The following list contains some of the more interesting double 
cyanides, i.e., cyanides containing more than one metal ; the easily 

* In these salts (ferro- and ferri- and cobalti-cyanides) the constitution is 
very likely somewhat akin to that of benzene compounds, and is expressible as 
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decomposable class being indicated by a comma placed between the 
cyanogen and the metal : 


Potassium zinc cyanide ' . 

cadmium cyanide 
nickel 
silver 
aurous 

auric tetracyanide 


5J 

JJ 

?> 

J? 




KjZn,Cy^. 

K,Cd,Cy,. 

K,Ni,Oy,. 

KAg,Oy,. 

KAu',Cy,. 

KAu"',Oy,. 


a closed chain, ring, or nucleus. Their much great stability, &c. , certainly points 
to a different structure to that of single and decomposable double cyanides. 
Potassium ferrocyanide might, for instance, be pictured as a cyanogen ring, 


K t* 


o 

/ 

1 

/ 

1 ", 


fe ^ 

« 

1 / 


\ 

1 






and when this is converted by oxidation into ferricyanide K3Fe(CN)t,, 


0 

/ 


C' 







w 


w 



/ 


Of course the Fe or Co may be doing quite different work in these com- 
pounds to what they are doing in ordinary salts. There is no proof that it 
may not be tetra valent or hexa valent. Whether the iron is directly united to 
carbon or nitrogen or to the cyanogen molecule as a whole is all waiting for 
investigation to settle. In the meanwhile these views do no harm. In ferro 
and nickel carbonyls the metals can scarcely be otherwise than attached to 
carbon. 

The easily decomposable double cyanides, as K2ZnCy4, might be expressed 
thus : 


/V 

If 




Zn 


\ I 


\ 

C 

a 

Af 




C^N 

/ I \ 

K-A/=C Zn 

\ I / 


or a less probable form : 
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Potassium cuprous cyanide . 

„ platinous „ . . . 

„ platinic . . . 

„ ferrous cyanide (potassium ferro- 

cyanide, yellow prussiate) 

„ ferricyanide, red prussiate . 

„ cobalticyanide 

„ chromicyanide 

„ manganicyanide . 


K,Pt^Cy,. 

K^FeCye. 

K,Fe,Cy,,.^ 

K.Co.Cy,,.^ 

KsCr.Cy,,.^ 

K,Mn,C^,.^ 


If the different behaviour of these double cyanides with dilute 
acids and with ferroso-ferric salts be noticed, the easily decomposable 
double cyanides giving a precipitate of Prussian blue, whilst the 
others — the difficultly decomposable double cyanides — yield no 
hydrocyanic acid when treated with dilute acids, and produce (with 
the exception of the ferro- and ferri-cyanogen compounds) no pre- 
cipitate of Prussian blue with ferroso-ferric salts and hydrochloric 
acid, it becomes evident that the complex groups of elements, ferro- 
cyanogen, FeCy^, ferricyanogen, Fe^^Cyj^, cobalticyanogen, Co^Cyjg, 
<fec., which behave, like cyanogen, as a group or complex, may like- 
wise be viewed as compound radicals, if by this term is denoted a 
group of common and constant constituents found in a whole series 
of compounds, and capable of replacing multiplies of Cl, Br, itc., in 
constant atomic proportions. 

It is possible to produce by double decomposition precipitates 
with soluble salts of almost all the heavy metals in which the potas- 
sium — or positive radical — is either entirely or partially exchanged 
for an equivalent quantity of a heavy metal, whilst the negative 
group of elements remains unaltered, thus : — 


K^FeCy^ 4- CuSt), = K,CuFeCv, -f or 

K.FeCyg + 2CuSO, = Cu,FeCV, + 

On the addition of an alkaline hydrate or carbonate, the whole 
of the heavy metal is removed as hydrate or carbonate, wdth forma- 
tion of an alkaline ferrocyanide. 

Easily decomposable soluble double cyanides give likewise precipi- 
tates with solutions of heavy metals, e,g, : 

2KAgCy3 + ZnSO^ = Zn,Ag,Cy^ + SO^K^ ; 

Precipitated 

but there is no evidence to show whether these precipitates are real 
compounds or only mixtuies of two insoluble cyanides ; nor is there 
any proof that alkaline hydrates reproduce the original double 
cyanide. Dilute sulphuric acid decomposes ZnCy^ in the above 
precipitate, AgCy being left behind ; just as if no connection had 
existed betw^een the two cyanides, or simply because the AgCN is so 
insoluble. Alkaline hydrates or carbonates are without action upon 
easily decomposable cyanides. A few are decomposed by sulphuretted 

* Thise formulae may be halved for simplicity, thus : KjFeCy^, &c. 
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hydrogen, e.g., K,CdCy^, K,HgCy^, KAgCy^, with precipitation of a 
metallic sulphide ; in others, such as l^MnCy^, K^iCy^ KjZnOy^, 
and KjOuCy^, the metal is only partially precipitated. 

It is evident from these changes thai* easily decomposable and 
difficultly decomposable double cyanides differ in stability, and this 
probably depends upon chemical structure as much as upon the 
individual nature of the metal they contain. 

^ 

A solution of potassium cyanide, KCy, may be used for the wet 
reactions. 

AgNOg gives a permanent white curdy precipitate* of silver 
cyanide, AgCy only, when more than one molecule of AgNOj has 
been added for every two molecules of KOy. The precipitate is 
insoluble in dilute nitric acid, soluble in ammonium hydrate, sodium 
thiosulphate, and potassium cyanide. AgCy resembles AgCl so 
very closely that special experiments are required to distinguish it 
from the latter, or to detect hydrocyanic acid in the presence of a 
chloride. 

This may be done ( 1 ) by boiling with strong HNO3, which 
dissolves AgOy but not AgOl ; ( 2 ) by igniting a mixture of AgCl 
and AgOy, which has been entirely freed from silver nitrate by 
washing with hot water, when AgCy is decomposed into cyanogen, 
metallic silver, and paracyanogen. AgCl fuses without decomposi- 
tion. On dissolving the residue in nitric acid and filtering, a pre- 
cipitate of AgCl is obtained, on the addition of hydrochloric acid, or 
a soluble chloride, the silver of which must have been present 
originally as cyanide. (Distinction between HCl and HCy.) 

Dilute mineral acids decompose potassium cyanide readily with 
evolution of HCy. On decomposing a small quantity of KCy by 
dilute sulphuric acid in a small porcelain dish and inverting another 
small dish containing a drop or two of yellow ammonium sulphide 
over it, the gaseous hydrocyanic acid, acting upon the ammonium 
sulphide, forms ammonium sulphocyanate, NH^SCy, and NH^HS, 
thus : 

(NHJA + HCy = NH,SCy + NH,HS. 

which gives a characteristic blood-red coloration with FCgCl^. 

This constitutes one of the most delicate reactions for free hydro- 
cyanic acid, as well as for soluble or easily decomposable cyanides. 

CUSO4, to which a solution of SOg has been added, gives with 
KCy a white precipitate of cuprous cyanide, Cu^Cj^g, soluble in 
potassium cyanide (KgCugCyJ. 

Hg2(N03)2 gives a grey precipitate of metallic mercury, whilst 
HgCy^ remains in solution, thus : 

HgjOyg = Hg + HgCy^. 

Iron salts are among the most delicate reagents for hydrocyanic 
acid, or for soluble cyanides, on account of their tendency, especially 

* HgCjo is not precipitated by silver nitrate. 
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in the presence of potassium hydrate, to form difficultly decomposable 
double cyanides (containing the compound acid radicals ferro- and 
ferri-cyanogen), which are of a characteristic blue colour. (Hence 
the name cyanogen, frtin Kvavos, blue, yewaco, I generate. The 
solution containing hydrocyanic acid, or a soluble cyanide, is first 
treated with a little potassium hydrate, then with a mixture of 
ferric chloride and ferrous sulphate, and heated. On the addition 
of dilute hydrochloric acid, in order to dissolve the ferrous and ferric 
hydrates precipitated by the potassium hydrate, a tine blue precipi- 
tate, or in the case of a mere trace of HCy, a green coloration only, 
of Prussian blue is obtained. The changes may be expressed by the 
equations — 

(1) KHO + HCy = KCy + OH,. 

(2) FeSO, + 2KCy = FeCy,^ + K,SO,. 

FeCy,, by combining with 4:KCy, form?* the soluble double 
cyanide K^FeCyg. 

(;^) 2Fe,Clg + ;Hv,FeCyg = Fe,(FeCyg )3 4- 12KC1. 

Free hydrocyanic acid dissolves mercuiic oxide, with formation 
of mei-curic cyanide, which is not precipitated by alkalies. HgOy, 
exhibits considerable stability compared with other cyanogen com- 
pounds. (Palladium cyanide is even more markedly stable.) A 
palladium salt will remove cyanogen from Hg(CN)^,. Boiling dilute 
H,SO^ does not decompose it. Strong HCl breaks it up into HgCl, 
and HCy, When SH, is passed through its a(j[ueous solution it is 
decomposed into HgS and HCy. 

The alkaline ferro- and ferri-cyanides are partially decomposed 
by warming with dilute sulphuric acid with evolution of hydrocyanic 
acid. 

This furnishes a convenient method for preparing a solution of 
hydrocyanic acid. Ten parts by weight of K^FeCVg (yellow prussiate 
of potash) are distilled in a flask or retort witl^ i]{\ to tO parts of 
dilute sulphuric acid (one of acid to six of water). The flask or 
retort is connected with a Liebig's conderiNer and double-necked 
receiver, from which any uncondensed gas can be cairied under a 
Bunsen lamp, and burnt. Every joint should he made perfectly 
tight, and the condenser-tube should dip into the water placed in the 
receiver. The reaction takes place according to the equation : 

2K,FeCyg -f = GHCy -f K^Ve"FeCy, -f ;JK,SO,. 

A\'hite re:-iclue 
turning blue by exposure 
to the atmosphere 

That is, only half the cyanogen is given ofTas HCN. 


* is scarcely known in an isolated condition, as it forms in the 

presence of KCy po^sium ferrocyanide, K^FeCy,, containing the compound • 
cyanogen radical leCy,,, which in its turn reacts upon the ferric salt. 
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A solution of HOy, in water or alcohol, when left to itself, under- 
goes spontaneous decomposition, with production of ammonium for- 
mate,* &c. HCN combines also with acids as HOI and some 
anhydrous chlorides. The compounds are'mostly easily decomposed 
even by water. A mere trace of mineral acid retards this decomposi- 
tion considerably. 

Hydrocyanic acid is exceedingly poisonous. Small quantities of 
the gaseous acid, when inhaled, cause a peculiar sensation in the 
throat, and are followed by headache, giddiness, and other disagree- 
able symptoms. Great care must therefore be taken in operating 
with HOy, or with cyanogen compounds generally, and for the 
purposes of analysis small quantities only should be operated upon at 
a time. 


HYDROFERROCYANIC ACID, H4FeCye.— This acid 
is tetra-basic. The potassium salt is prepared on a manufacturing 
scale by introducing nitrogenous animal substances (horn shavings, 
&c.) and iron into fused crude potash. The fused mass is lixiviated 
with water and the salt allowed to crystallise out. It may also be 
prepared by decomposing Prussian blue with KHO or K 2 CO 3 , fused 
or strong boiling solutions, and separating the ferric hydrate by 
filtration, thus : 

Fe,(FeCy,), + 12KHO = 3K,Fe0y, + 2Fe,(HO)e. 


Potassium ferrocyanide, K^FeOyg 4- 3Aq, crystallises in large 
lemon-yellow crystals ; hence its name, yellow prussiate of potash. 
Its positive element (potassium) can, by double decomposition, be 
replaced by other metals, either entirely or partially, and the property 
of cyanogen to form double cyanides is well illustrated by the reactions 
of the ferrocyanides. This will be seen from the following list of 
some of the more common of these : 


K^FeOy^ + 3Aq. 
Na^FeCy^ -h (iAq. 
(NHJ^FeCy, + >5Aq. 

Ba^FeCyg + (iAq. 
K^BaFeOy^ + ;>Aq. 

Ca^FeCyg + 12 Aq. 


K,CaFeOy, + 3Aq. 
Cu,FeCy 6 + 4Aq. 
K;OuFeCyB + 2Aq. 
K;FeFeCy,. 
XaK 3 FeCye + 3Aq. 
NH,K 3 FeCy(.+ 3Aq. 


DRY REACTIONS. 

K^FeCy^ fuses, when strongly ignited, and breaks up into nitrogen, 
potassium cyanide, and carbide of iron, or a mixjture of carbon and 
iron, thus : 

K.FeCyg = 4KCy + 20 + Fe + 

* Ammonium formate, NH^O-jCH, when dehydrated gives 

1st, NH^O„CH - HjO = NH.,OCH = formamide, and 
2 nd, NH 3 OCH - H 3 O = NCH = formimide. 

This is the reverse reaction formonitrile or hydrocyanic acid. 
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Heated with free access of air, or in contact with metallic oxides, 
the KCy is further converted into potassium cyanate, KOCy. 


REACTIONS IN SOLUTION. 

A solution of potassium ferrocyanide may be used. 

The alkaline ferrocyanides are readily soluble in water, the alkaline 
earthy ferrocyanides are difficultly soluble ; those of iron and most 
other metals are insoluble in water, and many of them also insoluble 
in acids. They are decomposed on boiling with potassium hydrate 
with formation of a solution of potassium ferrocyanide, and an in- 
soluble metallic hydrate. Some ferrocyanides are remarkable for 
characteristic colours, notably so those of iron and copper ; others are 
white, e.g,j those of the alkaline earthy metals, of Zn, Pb, Ag, 
Hg; greenish-white, e.^., Ni^FeCyg, GogFeCy^; reddish-white, e.^., 
Mn,FeCyg. Potassium ferrocyanide is employed, on this account, as 
a useful reagent in the qualitative examination of metals, and is 
especially useful in the detection of iron and copper. 

AgN 03 produces a white precipitate of silver ferrocyanide, 
Ag^FeCy^, insoluble in dilate nitric acid and ammonium hydrate, 
soluble in potassium cyanide. 

CuSO^, added in excess, gives, with a solution of K^FeCy^, a red 
chocolate-coloured precipitate of cupric ferrocyanide, Cii.,FeCyg, whilst 
an insufficient amount of the cupric salt gives a brown precipitate of 
dipotassium cupric ferrocyanide, K.,CuFeCy,,. 

FeSO^ gives a light blue precipitate of potassium ferrous ferro- 
cyanide, KgFeFeCyg, thus : 

K.FeCy, + FeSO, = K.FeFeCy, -b k\,SO,, 

which is slowly oxidised by exposure to the air, or rapidly, by oxidising 
agents, such as nitric acid, or chlorine water, to dark-blue Prussian 
blue. 

Potassium ferrocyanide is, in fact, readily converted into potassium 
ferricyanide K^FogCy^g (analogous to the conversion of ferrous salts 
into ferric salts), by various oxidising agents, such as chlorine, nitric 
acid, potassium chlorate and hydrochloric acid, i\:c. 

Fe^Clg gives an intensely blue precipitate of Fe^(FeCyc) 3 , called 
Prussian blue, thus : 

. SE^FeCy, + 2FeX\ = Fe,{FeCy^% + 12KC1, 

which constitutes at once a most characteristic and delicate reaction 
for ferric salts and for ferrocyanogen (as well as for cyanogen, as has 
been already shown). This precipitate is insoluble in dilute mineral 
acids, but dissolves in oxalic acid to a blue liquid (blue ink), and in 
ammonium tartrate to a violet liquid also used as an ink. It is 
decomposed by caustic alkalies, as well as by calcium, and even more 
readily and completely by magnesium carbonate (magnesite). On 
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boiling with mercuric oxide, Prussian blue is entirely decomposed 
into HgCy^ and ferrous and ferric oxides, thus : 

Fe,(FeOy 6)3 + 9HgO = OHgOy^ + 8 FeO + 2Fefi^. 

By adding an insufficient amount of FogClg to a solution of K^FeCyg, 
a blue precipitate is likewise obtained, which is, however, soluble in 
water, and is therefore called soluble Prussian blue (used for inks). 
It is generally thought to be composed of Prussian blue combined 
with potassium ferrocyanide. 

Concentrated sulphuric acid (about 10 parts by weight) decomposes 
potassium ferrocyanide (1 part by weight of the dry salt), with 
evolution of carbonic oxide (method for preparing carbonic oxide) ; 
the nitrogen of the cyanogen, being converted into ammonia, is 
retained as ammonium sulphate, thus : 

K.FeCy^ + GH,SO, + GOH, = GCO + 2K,SO, + FeSO, 

+ 3(NH,),SO,. 

All cyanides, except those of silver, are decomposed in the same 
way. 

When concentrated hydrochloric acid is added to an alkaline ferro- 
cyanide, hydroferrocyanic acid separates from a cold solution as a 
white crystalline powder, which turns blue. If ether be added to 
the solution of potassium ferrocyanide, previous to the addition of 
the acid, it is obtained quite coloiu*less. It is still better when 
gaseous HCl is passed into the ferrocyanide solution to which the 
ether has been added. 

HYDROPERRICYANIC ACID, H.FeCy,, or H 3 FeCy,. 
— Potassium ferricyanide is derived from K^FeCyg by a process of 
oxidation, as, for instance, by passing chlorine into an aqueous 
solution of it, till a solution of ferric chloride no longer produces a 
blue precipitate, but imparts merely a brown coloration to the 
liquid. The change is expressed by the equation : 

2K,FeOy, -f Cl, = K.Fe.Cy,, -f 2KC1. 

It is effected by the abstraction of two atoms of potassium from two 
molecules of K^FeCyg. Two atoms of cyanogen are transferred to 
two molecules of FeOyg, whereby the ferrous cyanide is converted 
into ferric cyanide. 

It is also called red prussiate of potash, on account of its colour. 

Reducing agents convert it into potassium ferrocyanide, especially 
in alkaline solutions. 

The following are instances of indirect oxidation effected by 
potassium ferricyanide : 

SH2 converts the ferri- into ferro-cyanide, with separation of sulphur. 

KI „ „ „ with precipitation of iodine. 
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Cr,0« or its salts, in the presence of KHO, is converted into CrO, 

Pbb' .. .. - •• 


MnO 

SnO 

HjCA 

KCy 

p,o, 

SO. 


MnO.^ 
Sn0.r. 
f CO^j and 
\OHo. 
KOCy. 
PPv 
SO,. 


NH3 gives with K^Fe.Cyi, potassium and ammonium ferrocyanides 
with evolution of nitrogen, thus: 

6K,Fe,Cyj, + 1(;NH3 = t)K,FeCy, + r>NlI^FeOy6 + K,. 

Many organic substances, e.g,^ sugar, dextiine, starch, alcohol, and 
even paper, are oxidised, in the presence of an alkali, to CO, and 
OH3. Indigo is bleached. Phosphorus, sulphur, and iodine are 
converted by the action of K^Fe^Cyj,, in the presence of alkalies, 
into H3PO,, HoSO,, HIO3. 

Analogous to potassium ferrocyanide, the ferricyanide forms 
double ferricyanides, by the jiartial or entire replacement of the six 
atoms of the positive element, potassium, by ditlerent metals. The 
following are some of the more important metallic ferricyanides: 

KgFe.Cy,, Ba,K,Fe,Cy, + oOH,. 

NagFe.,(Jyj, + OH Fe,Fe,OVj, (Turnbuirs blue). 

t^XFe.Cy,; + r.UH,, 


DllY REACTIONS. 

Potassium ferricyanide is decomposed upon ignition, yielding 
cyanogen and nitrogen, and leaving a residue, consisting of potassium 
cyanide, potassium ferricyanide, Prussian blue, paracyanogen, carbon 
and iron. 


REACTIONS IN SOLUTION. 

A solution of potassium ferricyanide may be used. 

The alkaline ferricyanides are readily soluble in water. The 
others are mostly insoluble. 

AgNOg produces an orange- coloured precipitate of silver ferri- 
cyanide, AggFe^Cvig, insoluble in dilute nitric acid, but readily soluble 
in ammonium hydrate and potassium cyanide. 

gives a blue precipitate (TurnbulFs blue) of Fe3Fe3Cyi3, 
ferrous ferricyanide, w’hich is decomposed by potassium hydrate into 
potassium ferrocyanide and ferroso-ferric hydrate : 

Fe3Fe,Cyj3 + 8KHO = -^K^FeCy^ + Fe30„40H,, 

produces no precipitate, but gives a brownish coloration. 
The deportment of potassium ferro- and ferri-cyanide with iron salts 
distinguishes between ferrous and ferric salts. 
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HVDROCOBALTZCYANIC ACID^ H.Co.Cy,^.— Sola- 
tions of cobaltous salts are precipitated by KOy. The precipitate 
consists of flesh-coloured or cinnamon-brown cobaltous cyanide, 
CoCy^. Excess of potassium cyanide rapidly dissolves the precipi- 
tate, forming a readily decomposable double cyanide Co(Oy) 2 (KON)x, 
which on boiling in the presence of HGy, is converted into a diffi- 
cultly decomposable double cyanide, analogous to potassium ferri- 
cyanide, with evolution of hydrogen, thus : 

20o(CN), + 8KON + 2H,0 = K,Oo,(CN)^, -f 2KHO + H,. 

This double cyanide is of interest, as its production affords one 
means of separating cobalt from nickel, both qualitatively and 
quantitatively. 

The free acid can be obtained from copper cobalti-cyanide by the 
action of SHg. It is soluble in water and alcohol, and is not decom- 
posed by boiling with water or even fuming nitric acid, and dissolves 
zinc with evolution of hydrogen. 

CYANIC ACID, or Carbimide, HCNO.— Obtained in the 
form of potassium cyanate by the oxidation of KOy. This salt is 
very stable when heated by itself, but deliquesces in the air, and is 
broken up by water into an acid carbonate and ammonia, thus : 

KOCy -f 20H, HKCO3 + 

Potassium cyanate is invariably found in commercial potassium 
cyanide. 

Potassium cyanate can be obtained by the oxidation of potassium 
ferro-cyanide in several ways. A simple method is to melt eight 
parts of dry K 4 Fe(CN)g with three of K^COg, and when the mass is 
just melted stir in gradually fifteen parts red lead. The mass is 
kept in fusion and stirred, so that the reduced lead may sink, and 
the melted KCNO then poured on a plate or tile. 

REACTIONS IN SOLUTION. 

The cyanates of the alkalies, alkaline earths, and a few metallic 
oxides are soluble in water, but decompose rapidly with evolution 
of ammonia. The silver, lead, mercurous, and cupric cyanates are 
insoluble in water. 

Ammonium cyanate, NH^CNO, undergoes a molecular change 
NH 

into urea by simply warming its solution. 

AgNOg produces with potassium cyanate a white precipitate of 
silver cyanate, AgOCy, soluble in ammonium hydrate, and in dilute 
nitric acid ; AgCy is insoluble in nitric acid. 

Moderately concentrated sulphuric or hydrochloric acid decom- 
poses KOOy, with liberation of HOOy, which affects the eyes most 
painfully, and is recognised by its pungent odour, resembling that 
of strong acetic acid ; a portion of the liberated acid, is, however, 
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decomposed at once by water into CO„ and an ammonium salt, 
thus : 

2K00y + 2HjSO^ K,SO^ + (NHJ,SO^, 

and it is by testing for ammonia in the residue from the reaction 
that the presence of HOyO can be shown under certain conditions. 
Part of the acid polymerises into cyanuric acid. 

A number of cyanates of heavy metals decompose on heating into 
OOj and cyanimide salts, e.gr., 

Ca(CNO), = CaCK, -h CO,. 

SULPHOCYANIC ACID, HSCy, is obtained in com- 
bination with potassium by heating KCy with sulphur or a metallic 
sulphide. Hence the usefulness of potassium cyanide for reducing 
metallic sulphides in blowpipe reactions. It also combines with 
sulphur when in solution. 

Allyl sulphocyanate is present in mustard seed ; the urine of a 
good many animals contains small but constant amounts of SON 
compounds. 

CSo heated with alcoholic NH, solution 

= CS, + 4XH3 = CNSNH, -h 

Owing to this method of formation it is found in the ammonia 
water from the coal-gas manufacture. 

Sodium Amide, NaNH,, is produced by the action of sodium 
on ammonia gas. This when acted on by gives : 


NaNH, -h CS, - XH,CSNaS, 

which breaks up into CNSXa and H^S. 

The free acid can be obtained in solution by decomposing Hg(SCN), 
with SH,. It is a colourless liquid which rapidly decomposes, some- 
times explosively. A solution in water also decomposes rapidly unless 
very dilute. The dilute acid produces a red mark on paper which 
disappears on warming or after some time. 

Warmed with dilute HgSO^, a sulphocyanate gives off COS, 
carbon oxy sulphide, and an ammonia salt remains dissolved. Organic 
acids, as acetic, give an amide, or nitrile, and COS. 


KSCN -h 2CH3C0,H = IvO,CCH.^ + COS + CH.CONH,. 


which again may give 


Acetamide 


OH3CX + H,0. 
Acetonitrile 


Chlorine produces from water solutions of sulphocyanates a bright 
yellow precipitate of (SCN)^ pseudo sulphocyanogen. AgCl is con- 
verted completely into AgSCN on contact with a soluble sulpho- 
cyanate, and is consequently the best precipitant for SONH, and is 
used for quantitative, volumetric, purposes. 
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DRY REACTIONS. 

KCyS can be fused out of contact with the air, without under- 
going decomposition. It turns first brown, then green, and lastly 
indigo-blue, but becomes again colourless on cooling. In contact 
with the air, KGyS is converted into cyanate and sulphate, with 
disengagement of SO^. The sulphocyanates of the heavy metals are 
decomposed upod ignition, OS^ being given off at first and on raising 
the temperature a mixture of nitrogen and cyanogen is evolved, 
whilst a metallic sulphide is left : 

4Cu2S^Cy, = N, + 3C,N, + 2CS, + 4CuS.^ 

Ammonium sulphocyanate gives some very complex resolution- 
products on heating in closed vessels. 

f 

REACTIONS IN SOLUTION. 

A solution of ammonium sulphocyanate, NH^SCN, is used. 

AgN 03 produces a white curdy precipitate of silver sulphocyanate, 
AgCyS, insoluble in water and in dilute acids ; it is soluble in ammo- 
nium hydrate, from which it crystallises out on evaporation. If the 
ammonium hydrate is , considerablj^ diluted, the SCyAg will not 
appreciably dissolve, and AgCl and AgCy may be identified in the 
presence of SCyAg by this means. It is also soluble in AmSCy or 
KSCy, forming a double sulphocyanate, SCyAg, SCyK, from which 
water or hydrochloric acid precipitates granular, ammonium hydrate, 
crystalline, SAgCy. 

OuSO^ gives a black crystalline precipitate of cupric sulphocyanate, 
CuSgOyg, which is converted into white cuprous sulphocyanate, 
OUjjSgCyg, by the action of sulphurous acid. 

FcgClg produces an intensely red solution, owing to the formation 
of a soluble ferric sulphocyanate, re 2 (SON)g. Alkaline sulpho- 
cyanates are most delicate reagents for ferric salts. This reaction 
serves also for the detection of sulphocyanogen and hydrocyanic 
acid. The blood-red colour is destroyed by HgCl^. On introducing 
some metallic zinc into the blood-red solution, SH^ is evolved. 


All organic acids other than the hydrocyanic acids contain at 
least one negative group, containing a replaceable hydrogen atom, of 

OC.OH 

the form — CO.OBL (carboxyl), the molecule of which | , con- 

OC.OH 

stitutes oxalic acid, a body resulting from the oxidation of a large 
number of' organic bodies, e.g.j sugar, woody fibre, &c., by the action 
of powerful oxidising agents such as concentrated nitric acid, and 
is, on further oxidation, itself resolved into the products of the final 

* This copper salt is also very slightly soluble and is employed as a means, 
of quantitative separation of copper from several other metals. 
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oxidation of everything organic, viz., carbonic anhydride and water. 
This group — COOH is characteristic of organic acids. 

Heats breaks up nearly all salts of organic acids. Those of alka- 
line and alkaline earthy -bases leave upon gentle ignition carbonates, 
with separation of carbon, and consequent blackening, oxh-lates 
excepted. The residue, with the exception of the carbon, being 
soluble in water, indicates that the organic acid was combined with 
alkali metals, and if insoluble, with alkaline earthy bases. The 
decomposition is, moreover, accompanied in most instances by the 
evolution of volatile matter, of carbonic oxide, hydrocarbons, acetone, 
and other products. Some metallic salts leaveTnetal or oxide. 

In the free state organic acids ai’e either volatile, and can be 
distilled or sublimed, generally without undergoing decomposition 
and without leaving any carbonaceous residue, «is for instance, formic, 
acetic, benzoic, and many others. Most of these acids can be dis- 
placed by mineral acids as sulphuric. Some organic acids are non- 
volatile, and are decomposed on he.ating alone, leaving generally a 
residue of carbon. Many of these acids will, however, distil in a 
current of steam without decomposition. Some are also more soluble 
in liquids, as ether, chloroform, petroleum, than in water, and may 
be by these means separated. 

FORMIC ACI1>9 q , Qjj j many plants, and c«^n be 

exuded under certain conditions by some animals, for instance ants. 
It can be obtained by the oxidation of methyl alcoliol, CHg.OH, by 
platinum black.^ The action of glycerine on oxalic acid gives one of 
the easiest methods of obtaining formic acid in quantity. The reac- 
tion takes place in several stages, glycei*ol monoformin being one. 
Equal weights of the two substances are heated together in a retort 
to 100*^ 0., when the formic acid distils over with the water. Ilry 
formic acid is a liquid above C. ; it boils at G., and has a 
specific gravity = 1'22. It is monobasic. Oxidising agents convert 
it into COg and OH^. Its salts give the same reactions. 


DRY REACTIONS. 

Formates of the fixed alkalies and alkaline earthy bases, when 
heated out of contact with air, are decomposed into carbonates, and a 
little carbon, with disengagement of combustible gases — mainly car- 
bonic oxide and hydrogen. Formates of the heavy metals give oft 
CO, and OHg, leaving the metal (generally mixed with a little carbon). 


interest as showing its constitution and its relation to 
the alcohols and carbinols, of which CH^OH is the simplest, as i» formic the 
simplest organic or carboxylic acid. 

This experiment may be performed in a llask with wide neck, A few 
cc. s of methyl alcohol are introduced, and then a red hot platinum wire spiral 
lowered into the flask not touching the alcohol ; the wire continues to glow 
and some formic ald^yde, HCOH, is first produced. Some of this oxidises 
to HCOOH. The residue in the flask will be found to be acid 
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BBACTIONS IN SOLUTION. 

H 

A solution of sodium formate, reactions. 

All formates are soluble in water, lead formate least so ; some 
also in alcohol. 

Formic acid and formates are readily recognised by their pro- 
perty of reducing salts of the noble metals, AuClg, AgN 03 , 

or HgClg, to the metallic state, with evolution of carbonic 

anhydride. 

Mercuric chloride solution warmed with a little formic acid or 
formate and HCl gives a white precipitate of HggClo — 

2HgCl, + HCOOH = Hg,Cl, + CO, + 2HC1. 

On boiling, the reaction goes further, and Hg is formed. 

This reducing action distinguishes formic acid from acetic acid 
and some of its homologues. 

Potassium permanganate is rapidly deoxidised by formic acid. 
Formic acid or a formate, when heated with a solution of potas- 
sium dichromate and sulphuric acid, is broken up, with evolution 
of 00,. • 

When heated with concentrated sulphuric acid, formic acid and 
formates are broken up into water and carbonic oxide, which latter 
burns with a blue flame. (Method of preparing carbonic oxide gas 
(see ante). The mixture does not blacken. 

HCOOH - H,0 = CO. 

Formic acid may be synthetised by heating carbon monoxide and 
potassium hydrate to about 100° C. 

KHO + CO = KOOCH ; 

or soda lime, moist, to 190° —200° ; also from HON by the action 
of KHO, thus : 

SON + 

(See Cyanogen.) 

Formic acid heated with zinc gives CO and H. 

ACETIC ACID, obtained either by the oxida- 

tion of alcohol, thus : 

fCH, OH3 Qjj 

or by the destructive distillation of vegetable substances, especially of 
wood and organic acids containing much oxygen. The acid can be 

N 
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synthetised in several ways, from methylcyanide with KHO ; 
from sodium methyl, OHgONa and CO at ICO = NaOOCCIIg, &c. 
Chromic acid, or permanganate, will oxidise alcohol to acetic acid, but 
in almost every case of Oxidation some aldehyde is first fonned. 

In the ordinary method of preparation the oxidation - of the 
alcohol is carried on by the agency of a bacterium, which can func- 
tion in very dilute alcohol solution. It practically conv^eys atmo- 
spheric oxygen to the alcohol. 

The main source of commercial acetic acid is the liquid distillate 
obtained during wood charcoal making, the woody matters being 
charred in iron vessels and the volatile matters carefully condensed. 
(For details, see “ Practical Organic Chemistry.’^) 

Pure anhydrous acetic acid boils at llS' C. This is termed 
glacial acetic acid, and is prepared by decomposing dry sodium 
acetate (5 parts by weight) with concentrated sulphuric acid (0 parts 
by Tveight) and distilling. The crude acid is placed over MnO^, in 
order to remove any SO;,, and rectified by distillation over a little 
dry sodium acetate. It crystallises when nearly pure. 


DRY REACTIONS OF ACETATES. 

Acetates are decomposed when distilled in a retort or similar 
partially closed vessel, yielding an inflammable volatile lifjuid — 
acetone. 

CH 

= CaCO, + CO . 

Calcium acetate Acetone. 

The acetates of the alkalies and alkaline earthy bases, when 
strongly heated in the air, leave a carbonate ; those of the heavy 
metals leave either a metallic oxide, or the metal itself, mixed with 
carbon, 

2(AgO_.CCH3) == 2Ag + (CH,CO,)p + O ; 

Acetic anlnalnde 

this should be the action with silver acetate. Some acetic anhydride 
is produced and the oxygen instead of coming ofl’ as such oxidises some 
of the acetic molecule to COg and H^O. 

Heated with alkaline hydrates, dry sodium acetate gives off marsh- 
gas, or methane, OH^, thus : 

CH 

OOOXa 

The gas can be collected in the usual manner over water, and on 
applying a hght it burns quietly with an almost non-luminous flame 

SenenUly contains a few per 
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REACTIONS IN SOLUTION. 

A solution of sodium acetate may be employed. 

All acetates are soluble in water. Silver and mercurous acetates 
are thfe least soluble. 

On heating a solid acetate (or a concentrated aqueous solution of 
one) with alcohol and concentrated sulphuric acid, acetic ether (ethylic 
acetate), CHgC.O.OO^H^, is formed, which possesses a fragrant odour. 
The change is expressed thus : 

0H3000Na + O 3 H 3 OH + o'oc H + HNaSO, 

+ OH3. 

Too much alcohol should be avoided lest common ether, 0 (C 2 H^) 2 , be 
formed, the odour of which would mask that of the acetic ether. 
Acetates of a dibasic metal like Ca or Ba when heated alone in a 
retort or similar closed vessel, yield more acetone than an alkaline 
acetate, where much CH^ accompanies the acetone. 

By distilling an acetate with moderately dilute sulphuric acid in 
a retort, free acetic acid is obtained, which is recognised by its 
characteristic pungent odour. Acetic acid is not easily oxidised by 
chromic acid when very pure or glacial, more easily when dilute, but 
still not rapidly. 

Fe^Olg added to a solution of an acetate, produces a deep red 
coloured solution, owing to the formation of ferric acetate. On 
boiling, the whole of the iron is precipitated as basic ferric acetate, 
in the form of brownish-yellow flakes. NH^OH precipitates the iron 
from a solution of ferric acetate as ferric hydrate. 

Ammonium acetate, especially in the presence of ammonia, dis- 
solves several insoluble sulphates, 6 .^., PbSO^, CaSO^. 

Ammonium acetate on being heated in a retort decomposes, 
giving off water and leaving acetamide, a body of most characteristic 
odour, something like mice, or mice excrement, which contains it. 

CH3COONH, = HP + CH3.CO.NH,. 

Dry acetates heated with arsenious acid^ As^Og, give cacodyl, 
CH 3 ASCH 3 , readily distinguished by its onion-like odour. It is 
highly poisonous. This reaction, if performed at all, should only be 
done on the smallest scale. 

Approximate Separation of Acetic Acid from its 'next higher Homo- 
logues ,^ — Add enough potassium or sodium hydrate to convert the 
acetic acid into acetate and distil. The acid containing the least 
number of carbon atoms, being the stronger, is first neutralised, and 
if sufiicient potash has been added, the distillate is obtained free from 
acetic acid. One or two repetitions of this treatment will give a salt 
containing only traces of the homologues of acetic acid. 

* Homologues of acetic acid are propionic, CH3CH2COOH, butyric, 
CH3CH2OH2COOH, and so on. They differ from acetic by containing a CHg 
more in the molecule. Otherwise their basicity and general properties are 
very much the same. (See Organic.) 
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BENZENE. PHENOL. 


BENZENEy* CgHg. Specific gravity 0‘85 at 16-5''. Boiling 
point 80-4" at 7GO mm.— Is a liquid which, when cooled below 0° 0., 
solidifies into fern-like tufts, melting again at 5-y^ C. It is a non- 
conductor of electiicity. ' At the ordinary temperature it is a limpid, 
colourless, strongly refracting liquid, having a pleasant odour; ^ghtly 
soluble in water, imparting a strong odour to it, readily soluble in 
ether, wood spirit, and acetone. It dissolves sulphur, phosphorus, 
and iodine, especially on heating, fixed and volatile oils, camphor, 
wax, caoutchouc, etc. 

Benzene is very inflammable, and burns with a bright smoky 
flame. When its vapour is passed through a red-hot tube, carbon is 
separated, and gaseous and solid hydrocarbons (diphenyl principally) 
are formed. Chlorine and bromine act upon it in sunshine, forming 
both addition and substitution products. It is not acted upon by 
alkalies, but potassium acts upon it forming a blue-coloured com- 
pound which is explosive, or explodes on contact w*ith Avater. Strong 
nitric acid converts its into nitrobenzene. 


CJl, -I- HNO 3 - C.H.XO., + IT.P. 

Ob o o J J 

Sulphuric anhydride or fuming sulphuric acid converts it into siilpho- 
benzide (CgH.),S(A„ ordinary sulphuric acid into C,.H,ITSO.^. 

Detection , — The liquid to be tested is warmed in a test-tube with 
strong nitric acid ; diluted with water, and shaken up w’ith ether, 
which dissolves the nitrobenzene. 

The ethereal solution is mixed with a little alcohol and strong 
HCl, and a few pieces of zinc added. After about live minutes rapid 
evolution of hydrogen from the zinc the solution is poured ofi', excess 
of KHO added, and then if the aniline formed be in too small quan- 
tity to separate, ether is added, and the ethereal solution separated 
and evaporated on a watch-glass. On adding a few drops of chloride 
of lime solution to the oily residue on the watch-glass, a purple 
colour is formed if aniline and therefore benzene be present. 

Nitrobenzene is reduced by nascent hydrogen to aniline, thus : 

+ 3H, = 2H,0 -i- C.ILNH,. 


CgHg.OH (carbolic acid), is the hydrate of benzene ; 
it occurs in heavy coal-tar oil, in castor-oil, and in tlie urine of some 
herbivorous animals. 

When pure, phenol consists of large colourless prisms of a peculiar 
odour, and giving a burning taste. It melts at 42% and boils with- 
out decomposition at 181^5^ When not quite pure it is slightly 
coloured red or browm. Phenol is soluble in 15 parts of cold water, 
but much more readily in alcohol. Its solution is a pow^erf ul anti- 
septic and caustic, and it is also highly poisonous. 

Bromine water added to a phenol solution forms tribromophemol. 


introduced here because it is the 
groundwork or parent substance of a number of real organic acids and some 
bodies which act something like acids. ^ 
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a yellow solid, which is somewhat insoluble, 1 part in 60,000 of water, 
and therefore precipitates. Concentrated nitric acid converts it into 
trinitrophenol or picric acid, which unites with alkalies, and is soluble 
in alcohol ; this solution dyes silk or wool yellow. On adding 
ammoma to a phenol solution, and then a hypochlorite or hypobro- 
mite, a fine blue colour is produced. 

Ferric chloride, added to a solution of phenol in water, produces 
a fine purple colour (1 part in 3000 water). Albumen solution is 
coagulated on addition of phenol. Phenol boiled with Millon’s re- 
agent (mercuric nitrate with excess of nitric acid), produces a fine 
red colour, permanent for some time. 

OTT 

SALICYLIC ACID, , exists in Nature in com- 

bination with methyl alcohol in oil of winter green {Gaidtheria 
pi'ocutnbe'iis)^ and in saligenin, contained in willow bark, &c. It 
may also be formed by heating the ortho-haloid benzoic acids with 
potash, 

0,H,.Br.COOH + KHO = C,H,(OH)COOK + KBr + Up. 

It is made on a large scale by Kolbe’s reaction, heating sodium 
phenol in CO^ to 190"" C. Phenol distils, and sodium salicylate 
remains in the retort. 

2(OgH,.ONa) + CO^ = O^HpNaCOONa + CgH^OH. 

Salicylic acid is monobasic; it dissolves slightly in cold water, 
more easily in hot, in alcohol and ether. It melts at 156'" C., and 
•distils in steam. Its aqueous solution gives a fine violet solution 
with FOgClg. This colour is destroyed by mineral acids and by 
alkalies. 1 part in 100,000 OH^ is indicated by this test. It is a 
powerful antiseptic. 

On distilling salicylic acid with excess of lime, phenol is produced. 

Salicylic acid Lime Calcium Phenol 

carbonate 

AgNOg gives a white precipitate with salicylates ) 

Lead acetate gives a white precipitate with salicylates ) 
with the free acid. 

Bromine water added to solutions of salicylic acid gives a white 
•crystalline precipitate of tribromsalicylic acid, similar to phenol. 

With Millon's reagent a similar red colour is produced to that 
with phenol. 

BENZOIC ACID^ CeH,.CO.OH,— Is found in many gums 
and balsams, from which it is obtained by sublimation. Heated in a 
tube open at both ends, the acid sublimes in long needles, giving off 
a pleasant smelling but irritating vapour. Heated on platinum foil, 
benzoic acid burns with a luminous smoky flame. 
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The acid is very slightly soluble in cold water, 200 parts cold, 12 
parts boiling. It is reiidily soluble in alcohol, ether, <fec* Benzoates 
of tetrad metals are mostly insoluble in water, all others are soluble. 

Fe Cl . ^^ives a pale ^yellow precipitate of basic ferric benzoate, 
(CgH5C02\Fe.,.Fe203 4- and ammonium benzoate is employed 

sometimes for the separation of Fe*' from Mn . 

On distilling benzoic acid or benzoates, with lime or baryta, 
benzene, CgH^, is obtained — 


ICO.OH 


CM, + CaCO, 


which may be made into nitrobenzene by’^ HNO3, and this into aniline* 
(See Benzene.) 

Dilute acids precipitate benzoic acid from aqueous solutions of 
benzoates; dilute nitric acid i>> without action upon the acid itself. 

Heated with concentrated sulphuric acid, benzoic acid does not 
blacken, neither does it evolve SO^. 

Vapour of benzoic acid passed over heated zinc dust in a tube 
gives odour of bitter almonds, benzoic aldehyde, CgH..COH. Also 
when a solution of a benzoate is acidified witli and a piece of 

Mg immersed therein the same odour is produced. 

Benzoic acid is phenyl formic acid. OgH. functions in the 
place of H in formic acid. CgH..COOH. 


jCOOIl 

SUCCirflC ACID,-' U,H j — This acid is dibasic. It is obtained 

Icooii 

by the distillation of amber, of fossil resin, anil also by the long-con- 
tinued action of nitric acid upon butyi ic, stearic, 01* margaric acids, 
by fermentation of sugar, malic acid, glycerine, *S:c. The acid crys 
tallises in white plates, is readily soluble in water, alcohol, and ether, 
and is not acted upon by boiling nitric acid. Heated in a tube open 
at both ends, it sublimes in silky needles. Heated upon platinum 
foil,© it burns with a blue flame and witliout smoke. It melts at 
180 ° C., but gives oft’ fumes at 1 : 30 ' C. At 2;3:> C. it boils and 
forms the anhydride. 

Succinates are decomposed upon ignition ; the alkaline and 
alkaline earthy succinates leave a carbonate mixed with carbon. 

Most succinates are soluble in water. 

Lead acetate gives a white precipitate of neutral lead succinate,, 
j CO — O 

1 ^vhich is rendered basic by tieatment with ammonium 

hydrate. 

Fe^Clg produces from a solution of neutral ammonim succinate 
fn voluminous precipitate of basic ferric succinate,. 

(C4Hpj3l>,Fe203, readily soluble in mineral acids. NH OH renders, 
the precipitate darker by withdrawing a quantity of succinic acid as 
ammonium succinate, leaving a more basic vsuccinate. (This reaction 
serves for the separation of Mn" from Fe”\) 
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On boiling the precipitate produced by ferric chloride from a 
solution of a succinate or benzoate, with ammonium hydrate, soluble 
ammonium salts of these acids are obtained which can be separated 
by filtration from the insoluble residue. On the addition of alcohol 
and BaClj to the ammoniacal solution, a white precipitate of barium 
Succinate is obtained, whilst benzoic acid gives no precipitate 
(distinction between benzoic and succinic acids). 

Succinic acid is insoluble in chloroform. Benzoic is soluble. Mag- 
nesium benzoate is also soluble in alcohol, but the corresponding 
succinate is not. 

Succinic acid is ethylene dicarboxylic acid. 


OXALIC ACID, “Dicarboxyl.”— Exists in rhu- 

barb, sorrel, and other plants in the form of acid salts, and may be 
obtained by the oxidation of a large number of organic bodies, 
sugar by nitric acid ; or woody fibre, by the action of caustic 
alkalies. The free acid is a violent poison. It crystallises in 
rhombic prisms with two molecules of water of crystallisation, which 
it loses when exposed to dry air, i.e., it effloresces and crumbles to a 
powder. With bases it forms an important series of salts, called 
oxalates. The acid being dibasic, two series of salts, neutral and 

acid, OCOH’ besides some super acid oxalates. 

Oxalic acid may be looked upon as the hydrate of the unknown 
oxide of carbon, 0,03. 


DRY REACTIOXS. 

Oxalic acid when heated by itself, loses its crystal water, and 
then sublimes for the most part unchanged ; a portion of it breaks 
up into CO, OO2 and some formic acid. Oxalates yield, upon ignition, 
different products of decomposition, according to the nature of the 
base contained therein. 

Alkaline oxalates leave a carbonate, with slight blackening, and 
give off carbonic oxide. 

Alkaline earthy oxalates leave a carbonate, together with some 
caustic base, if a strong heat be applied, and give off CO and COg. 

Oxalates containing metallic bases which do not form carbonates, 
or the carbonates of which are decomposed by heat, break up into 
metallic oxides, and give off equal volumes of CO and CO^, or into 
metal, as for instance silver oxalate, which gives off CO^. 

Heated with strong H^SO^ oxalates and the acid decompose into 
CO2 and CO, which escape together. 

REACTIONS IN SOLUTION. 

Use a solution of ammonium oxalate. 

Beside the alkaline normal oxalates very few are soluble in water. 
Mineral acids dissolve the insoluble oxalates by forming perhaps acid 
oxalates. 
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OXALATES. 


Any soluble calcium salt precipitates even from very dilute solu- 
tions white pulverulent calcium oxalate, readily soluble in hydro- 
chloric or nitric acid ; almost insoluble in oxalic or acetic acid, and in 
potassium or ammoniuia hydrate. Heat promotes the precipitation 
from very dilute solutions. This constitutes one of the most delicate 
reactions for oxalic acid. 

BaCl, gives from solutions of neutral oxalates a white precipitate 
of barium oxalate, soluble in oxalic acid, readily soluble in hydro- 
chloric or nitric acid, 

AgN 03 produces a white precipitate of silver oxalate, 
COOAg 

I , soluble in dilute nitric acid, and in ammonium hydrate. 


COOAg 

Concentrated sulphuric acid decomposes oxalic acid or oxalates, 
on warming only, into CO and CO^, without blackening, by with- 
drawing from the molecule of oxatyl a molecule of OH^. The 
gaseous mixture is passed through a Wcish-bottle containing caustic 
soda or lime-water, and the carbonic oxide gas is collected over 
water. (Usual method for preparing carbonic oxide.) 

Oxalic acid or oxalates in the presence of free mineral acids, act 
as reducing agents. 

Treat a little black oxide of manganese and oxalic acid, or an 
oxalate, with a few drops of concentrated sulphuric acid. Effer- 
vescence ensues. The gas which escapes is carbonic anhydride, 
resulting from this reaction : 


MnOj -t- + 211.^0, = 2CO. -t- MnSO, 20JT,. 


A solution of gold is reduced to metallic gold, tlius : 


2AuCl 


.A)COH 


3 ’’OCOH ■b -^"2 *1“ 6Ht,'l. 


Potessium permanganate is speedily reduced (decolorised). The 
tree acid dissolves m alcohol, both hot and cold, but not in chloroform 
or benzene. 

Some of the Cerite metals, as Cerium, Lanthanum, Didymium, 
give oxalates insoluble in moderately strong' HCl. 


TARTARIC ACID, 


-This acid is dibasic. — It is 


oo.oir 
HCOH 
HCOH • 

... . OCOH 

tamarinds, pine-apples, and several other fruits in 
tne torm ot hydrogen potassium tartrate. The acid met with in 
commeice is prepared from the tartar or argol, an impure hydrogen 
potassium tartrate, deposited from the grape juice during fermenta- 

waSir Wi,T + transparent crystals, very soluble in 

ater, both hot and cold, and soluble also in alcohol. T^e aqueous 
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solution undergoes gradual decomposition. There are five modifica- 
tions of tartaric acid due to structural differences in the molecule. 

DRY REACTIONS. 

♦ 

Tartaric acid is decomposed by heat, giving off an odour resembling 
that of burnt sugar (caramel), and leaving a residue of carbon. 
Alkaline tartrates when heated in a test tube, are decomposed with 
evolution of inflammable gases, leaving a mixture of finely divided 
charcoal and carbonate (black-flux), from which the carbonate may 
be extracted by water. The carbonaceous residue left upon igniting 
alkaline earthy tartrates contains an insoluble carbonate, and effer- 
vesces when treated with dilute hydrochloric acid. Tartrates of the 
heavy metals also undergo decomposition, accompanied by the 
characteristic odour of burnt sugar, and leave much carbon mixed 
with metallic oxide or metal. 

REACTIONS IN SOLUTION. 

Use a solution of tartaric acid, and for some reactions a solution 
of a normal salt, as Rochelle salt, potassium sodium tartrate. 

The alkaline tartrates are soluble in water, the acid salts less so 
than the neutral tartrates. The normal tartrates of the alkaline 
earthy bases, of the earths and heavy metals, are dijficultly soluble 
in water, but dissolve readily in dilute tartaric acid. Alkalies fail to 
precipitate double tartrates containing an alkaline and metallic base. 
Hence the presence of tartaric acid serves to prevent the precipitation 
of FCgOg, Cr^Og, ZnO, NiO, CoO, MnO, CuO, PbO, BigOg, PtO^, or 
CdO, whilst some other substance, e.gr., phosphoric acid, if present, 
may be precipitated from an alkaline solution. 

KCl (or other potassium salt, especially a very soluble one) pro- 
duces in a solution of free tartaric acid a heavy white crystalline 
precipitate of hydrogen potassium tartrate, readily soluble in mineral 
acids and in alkalies and alkaline carbonates, insoluble in acetic acid. 
The precipitation is accelerated by agitation and by allowing to stand 
for some hours. Alkalies dissolve the precipitate, forming a normal 
tartrate, soluble in water, from which acetic acid reprecipitates the 
acid salti 

Ca(IIO)^ added in excess to free tartaric acid precipitates white 
calcium tartrate. 

OaCI^ (but not CaSO^, except on long standing) precipitates from 
a solution of a normal tartrate, white calcium tartrate, soluble in 
acids, even tartaric acid, in ammonium salts, but not in ammonium 
hydrate. The precipitate, especially as long as it is amorphous, i.e., 
recently precipitated, is soluble in cold potassium or sodium hydrate, 
when nearly free from carbonate, but is reprecipitated on boiling as 
a gelatinous mass which redissolves on cooling. 

AgKOg produces from a solution of a normal tartrate (e.g., 
Rochelle salt) in the cold a white curdy precipitate of silver tartrate. 
On filtering and dissolving some of the precipitate off the filter with 
a little dilute ammonium hydrate, and heating the solution in a clean 
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test-tube or liask during ten or twenty minutes, in water, heated to 
about 6G° C., the glass becomes coated with a fine silver mirror.* 
(Characteristic reaction for tartaric acid.) 

Lead acetate gives a white crystalline precipitate of lead tartrate, 
from solutions of tartaric acid, or its soluble salts. The precipitate 
is soluble in nitric acid and in ammonium hydrate ; the latter giving 
rise to the formation of lead ammonium tartrate, which cannot be 
precipitated by ammonia. 

Tartaric acid and ammonia dissolve lead sulphate. 

Concentrated H^SO^ decomposes tartaric acid, or a tartrate, on 
heating, with evolution of SO.,, CO3 and CO, and separation of carbon. 


CITRIC ACID, jiq'qq oJI ’ — Tribasic. — Obtained from 
H3C.c6.OH 

orange or lemon juice. Found also in many other fruits. It forms 
colourless prismatic crystals, which possess a pure and agreeable acid 
taste. They dissolve in cold and hot water, and in alcohol. The 
aqueous solution undergoes decomposition after a time. The citrates 
are very numerous, the acid forming, like phosphoric acid, three 
classes of salts by the replacement of one, two, or three atoms of 
hydrogen by an equivalent amount of a metal. There are no 
absolutely insoluble citrates. 

DRY REACTIONS, 

On heating citric acid, it loses lii-st its water of crystallisation, 
then fuses, and is decomposed with disengagement of pungent and 
irritating acid fumes into aconitic acid, and finally to citraconic 
anhydride, leaving a less abundant carbonaceous residue than tartaric 
acid. Alkaline and alkaline earthy citrates leave a carbonate upon 
ignition. 

REACTIONS IN SOLUTION. 

Use a solution of citric acid in water, or a solution of a normal 
alkaline citrate. 

Potassium salts give no precipitate. 

Ca(HO)3 gives no precipitate in the cold from a solution of citric 
acid, or of a neutral citrate ; but on heating, a white precipitate of 
calcium citrate is obtained. (Distinction between tartaric and citric 
acid.') ^iVhen both citric and tartaric acid are present, the precipi- 
tate produced by Oa(ETO)3 CaCl^ in the cold is filtered ofi*, and the 
clear filtrate boiled, when a further pi*ecipitate indicates citric acid. 

CaClj produces at first no precipitate in the cold from an aqueous 
solution of citric acid, or a soluble citrate ; but on standing, precipi- 
tation takes place and is all but completed even in the cold, after ' 24 - 
hours. On boiling, a white precipitate of calcium citrate is obtWned 

presence of a little free NaHO or KHO accelerates the formation of 
tne silver mirror. 
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if the solution be neutral, or if it contain an excess of lime-water 
or ammonium hydrate. This precipitate is insoluble in sodium or 
potassium hydrate, but soluble both in ammonium salts and in acids. 

Silver nitrate dissolved in ammonium hydrate does not form a 
mirror upon heating, but a black deposit takes place after boiling 
for some time. Citric acid, like tartaric acid, prevents the precipi- 
tation of certain oxides, especially of Al^O^, Fe^Og, of Groups II. and 
III. and some phosphates by caustic alkalies on account of the for- 
mation of soluble double citrates, containing an alkali base and a 
heavy metal. 

Concentrated sulphuric acid decomposes citric acid or citrates 
slowly. On cautiously applying heat, CO and CO^, escape, at first 
without any blackening of the liquid, but on boiling for some time 
SOg is evolved and carbon separates. 

NH 

XTRXSA5 — Is the chief form in which the waste nitrogen 

of the body escapes in the urine. It was synthetised by Wohler 
from ammonium cyanate, NH^OCJf, which undergoes a molecular 
change on the evaporation of its solution. It was previously made 
by J. Davy, but not fully recognised. 

Urea forms colourless crystals, which deliquesce in moist air ; 
they are easily soluble in water and alcohol, but scarcely in ether. 
It melts at 130" C., and it then begins to decompose into cyanuric 
acid and biuret. 

Heat a little urea in a test-tube until ammonia is evolved, add 
warm water ; biuret dissolves, and on adding a little CuSO^ solution, 
and then excess of HaHO, a violet colour is produced. Oxalic 
acid, added to a solution of urea, gives a crystalline precipitate 
of the oxalate, rapidly from strong, after some time from dilute, 
solutions. 

Nitric acid, quite free from lower oxides of N, forms urea nitrate, 
which is also crystalline and soluble in water ; very slightly so in 
nitric acid. 

Mercuric nitrate precipitates from urea solutions, when the latter 
is in excess, white (CON2H4)g(HgO)3. 

This precipitate is sometimes employed in the estimation of urea 
quantitatively. 

Urea heated with KHO gives NH3, ammonium carbonate being 
first formed. 

Nitrous acid, or an acid solution of a nitrite, decomposes urea, 
liberating N and COg. 

CONgH, + 2HNOg = 2Ng + OOg 4- 30Hg. 

Alkaline hypobromite or hypochlorite causes immediate effer- 
vescence, all the nitrogen being liberated. 

OON.,H^ + 3NaOBr 4- 2NaHO = N, 4- 3NaBr + 30Hg 

+ NagC 03 . 
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CElJ.Ui:.OSE (C,H io^ 5 )n» occurs in an approximately pure state 
in cotton, flax, and wood-fibre generally. It occurs in most plant- 
tissues, and may be considered as the skeleton or basis of the vege- 
table kingdom. Manufif^tured cotton, linen, paper, etc., represent 
more or less impure conditions of this substance. 

Although its chemical composition is very close or perhaps iden- 
tical with that of the starches and some other carbohydrates, it is 
well distinguished by its insolubility in water and most other reagents. 
Its microscopic structure varies with the source, but its chemical 
character is quite definite. To isolate cellulose from almost any 
vegetable matters (cotton-wool, or filter paper), treat with cold 
bromine water for 15 minutes and then boil in dilute ammonia. 
Repeat this treatment until the material has become quite white 
and the ammonia ceases to dissolve anything more. 

It is doubtful if there be any simple solvent for cellulose in the 
sense that water is for sugar. 

Concentrated acids, as HgSO^, and acetic dissolve it 

slightly, under certain conditions of temperature, undoubtedly 
forming salts with it. Zinc chloride is one of such solvents. 

With powerful bases as Ba(HO )2 KHO it seems to form 
salts, acting as the negative or acid radical towards the strong base. 

Unlike starch cellulose is not turned blue by iodine, but any 
cellular tissue moistened with a solution made by dissolving equal 
weights of zinc chloride and potassium iodide in strong HCl (Schultz's 
reagent), and then washing the browm stain Avith water, becomes 
blue or purple, 

Cupra-ammonia, made by dissolving copper oxide in 

strong ammonia solution, dissolves cellulose to a thick gummy solu- 
tion. The fibres are observed first to swell considerably before 
dissolving. 

This solution, when diluted very largely with Avater or an acid, 
deposits cellulose in a gelatinous form.* 

STARCH — ^lay he considered as an isomeride of 

cellulose. It occurs in nearly all parts of plants. It is most abun- 
dant in the grain of cereals, and in tubers like potato. In all cases 
it exists in cells, Avhich vary in size and shape, depending on the 
plant. 

Starch is insoluble in cold AAater, and is separated from grain or 
potatoes by trituration and washing by a stream of water. The cells 
are carried away from the cellular tissue, itc., and fall as a Avfaite 
powder on allowing the Avater to stand for some time. 

The grains or cells of starch from any one source are mode- 
rately regular in shape ; those from cereals are smaller than from 
tubers. 

* Jute, cork, the mass of which apples, turnips, &c., consist, are probably 
modifications from cellulose or compound or oxy celluloses. A good deal of 
work is still required at these bodies to settle their nature definitely. 

t See Cross and BeA'^an (^Chetn, jSoc, Jburn.) and separate publications. 
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On heating in a closed tube starch decomposes in a simiMai- 
manner to woody fibre, giving off water and combustible gases, and 
leaving charcoal. 

Shake up some starch with cold-water in'a test-tube; it does not 
dissolve and will settle to the bottom unchanged on standing. Add 
twice its volume of boiling water, and shake. The mass forms a 
semi-transparent jelly. On heating to boiling, or nearly so, appar- 
ently complete solution takes place. Add an alcoholic solution of 
iodine or a solution of iodine in potassium iodide to a starch emulsion, 
a fine blue colour — iodide of starch — is produced. The colour 
varies from purple to blue. It is destroyed on heating, but reappears 
on cooling. (See tests for Nitrites.) 

A starch solution, when heated for some time with a little acid, 
HCl or HjSO^, or with partially germinated grain solution, under- 
goes several changes. 

• 

DEXTRINE!. — Dilute a few oc. of a starch solution made as 
above, add a few drops of HCl or H^SO^, dilute, and heat to nearly 
boiling. Pour out a few drops from time to time into an iodine 
solution, until only a brown coloration is produced. At this point 
the starch has been converted into an isomeride termed dextrine, 
which may be precipitated in a flocculent state by adding alcohol to 
the acid solution. 

GLiXTCOSE (Dextrose or Grape-sugar). — A dilute solution of 
starch when boiled with addition of a few drops of HCl or H^SO^, 
until no further reaction is given with iodine, becomes converted into 
glucose. 

+ HP = 

Grape-sugar is formed in many plants or fruits; from grapes 
which contain about 14 per cent, to peaches with little more than 1, 
in honey along with laevulose, and in diabetic urine. Dextrose crys- 
tallises from water as CgHjgOg.OHg. It dissolves in its own 
weight of water. 

All glucoses, when warmed with alkaline copper tartrate, cause a 
yellow or red precipitate of Cu^O, cane-sugar, dextrine, gum arabic, 
glycerine, urea, and a number of OT’ganic acids do not reduce the 
copper solution, or only after long boiling. 

^OgHj^Og reduces lOCuO. 

Glucose 

CjjHggOji reduces 7CuO. 

Lactose j 

CigH^gOj^ reduces 60u0. 

Maltose 

Glucoses may be fermented. Add a small quantity of yeast to 
a test-tube of dilute dextrose or grape-sugar, fit with cork and delivery 
tube, or simpler, invert in a shallow dish, keep in a warm plac^3 — 
about 25^ C.— in about an hour gas, CO^, is evolved. Collect and 
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test with lime or baryta water. On boiling after evolution of gas 
has nearly ceased, alcohol comes oflT, and may be distinguished by its 
odour; or it can be oxidised to acetic acid by permanganate and 
tested for. * 

= 2C,HPH + 2CO,. 

CARBON DISULPHIDE, CS,.— Specific gravity, 1-268. 
Boiling point, 46*6'^ O. Refracting power, 1*645. — Disulphide . of 
carbon is a colourless, very mobile, highly refracting liquid, having a 
peculiarly unpleasant odour. It evaporates quickly at , ordinary 
temperatures, producing great cold. It is almost insoluble in water, 
but alcohol and ether mix with it in all proportions. It dissolves 
sulphur, phosphorus, iodine, caoutchouc, oils, and fat, for which pur- 
poses it is largely used. 

Disulphide of carbon is very inflammable, and burns with a blue 
flame, producing sulphurous and carbonic anhydrides. A •mixture 
of its vapour and nitric oxide burns with a very bright blue flame, 
particularly idch in chemically active rays, hence it is sometimes used 
for photographic purposes. 

Dry chlorine converts it in the presence of iodine into tetra- 
chloride of carbon and sulphochloride of carbon, CSCl.,. The fixed 
caustic alkalies gradually dissolve disulphide of carbon, forming a 
brown solution which is a mixture of carbonate and sulphocarbonate 
of the alkali metal : 

3CS, + 3Kp = K,CO, + 2K,CS3. 

An aqueous or alcoholic solution of caustic potash to which a little 
lead salt, acetate, has been added, boiled witli disulphide of carbon, 
becomes blackened. This is a very delicate test for sulphide of 
carbon. 

With triethylphosphine it unites directly, forming a compound, 
which crystallises in splendid ruby-coioured prisms, 
which dissolve in ether with a i*ed colour. This is a good test for 
OSg vapour in other gases. 

ALCOHOL^ C 2 HgO = Ogll-OH. — 823ecific gravity, 0*71)39 at 
Boiling point, 78*4° 0. at normal pressure. — Alcohol is a 
transparent, colourless, very mobile liquid, which readily dissolves 
resins, ethers, fats, essential oils, &c. It mixes with water and ether 
in all proportions, is very inflammable, burning in the air with a 
blue flame only very slightly luminous and yielding water and carbonic 
acid. Its vapour mixed with air explodes by contact with flame or 
by the electric spark. 

W^hen the vapour of alcohol mixed with air comes in contact with 
platinum black imperfect combustion takes place, the metal being 
generally heated to redness and the alcohol partly converted into 
aldehyde, acetic acid, formic acid, acetal, &c. 

btrong nitric acid decomposes alcohol, part of the nitric acid forms 
nitrate of ethyl, but the greater part is reduced to nitrous acid which 
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then foirms nitrite of ethyl, at the same time many other compounds 
are formed, and the action may becpme explosive unless the materials 
are pure and used in small bulk only. 

Strong sulphuric acid mixes with alcohol producing considerable 
evolution of heat with formation of sulphovinicacid. Potassium and 
sodium act upon alcohol with formation of ethylates and evolution of 
hydrogen. 

20,H,OH + K, = + 2C,HjOK. 

The best test for alcohol depends on the production of iodoform 
although it is not the only substance which gives this test. It is 
best performed by warming the liquid to be tested, adding a solution 
of sodium carbonate, and then small crystals of iodine, until a slight 
brown coloration remains. On cooling the solution, pale yellow 
flaky crystals of CHI 3 will fall out. They have a very characteristic 
odour. 

Alcohol may be also very readily oxidised to aldehyde, and then to 
acetic acid by any oxidising mixture, such as potassium dichromate 
and sulphuric acid, or potassium permanganate. A liquid containing 
alcohol when warmed with a strong K^Mn^Og solution, causes a black 
or brown precipitate of MnO^ and potassium acetate, which remains 
in solution, and may be tested for. 

IQTXIERy O^HjgO = C^HjOCgH.. — Specific gravity, 0'736 at 0° C. 
— Pure ether is a very mobile, colourless liquid, of penetrating odour 
and sweet taste. On account of its low boiling point, 35° C., it evapo- 
rates very rapidly at ordinary temperatures, causing thereby a great 
reduction of temperature. It mixes in every proportion with abso- 
lute alcohol but not with water ; 1 part of ether requires about 9 
parts of water for solution, and itself dissolves about of its weight 
of water. It dissolves sulphur, phosphorus, iodine, etc., and is one 
of the best solvents for fats, oils, resins, and other organic bodies. 

It is very inflammable, its vapour mixed with air becoming 
ignited by platinum black ; it burns with a luminous flame ; a 
mixture of its vapour and air is violently explosive. 

By incomplete oxidation or imperfect combustion it is converted 
into aldehyde and acetic acid. It is not attacked by sodium or 
potassium, but energetically by chlorine. The reaction is most 
violent with chlorine and its vapour. Bromine acts less violently 

Dry ether mixes to a clear liquid with sulphide of carbon; a 
slight trace of water causes a milkiness. 

CHLOROFORM, CHCI3. — Is a colourless liquid, of specific 
gravity 1*02, boiling at 01 ° C. It is soluble in about 200 times its 
weight of water, but to any extent in alcohol, ether, OS,, &c. It is 
an excellent solvent for oils and fats, resins, &c. 

Chloroform heated with Fehling’s alkaline copper tartrate solution 
produces Cu,0. 

‘CHCI 3 + yKHO + 2CuO = Cu^O + K^OO, - 1 - 3KC1 + SH^O. 

Chloroform vapour passed through a I'ed-hot tube along with 
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hydrogen liberates HCl. The operation may be performed in an 
apparatus like Marsh’s for AsH,, the flask being warmed. 

Alcoholic soda or potash, warmed with a chloroform solution 
to which a few drops of aniline have been added, gives benzoiso- 
nitrile, OgH.NC, a liquid of most penetrating and disagreeable 
odour. 

CH3 

acetone, OO , dimethylketone, is a colourless liquid, 

^^3 ... . - 

obtained on a large scale by the distillation of calcium, barium, 
strontium, or magnesium acetates. It is contained in very small 
amount in blood, urine, itc., especially in cases of fever and diabete.s. 
Many organic substances on dry distillation yield acetone amongst 
other products. It boils at .'i fi • 5 ' . Specific gravity, '8 1 7 (• at 0 ' . It 
mixes with water, alcohol, ether, chloroform, in almost any pro- 
portion. CaClj separates it from water. Dehydrating sub.stances 
act readily on acetone, forming mesitylene oxide, CgHi^O, and 
phorone, C^Hj^O. H,S0, will form both these bodies. 

With NH^HO and iodine iodoform is produced. Alcohol does not 
give iodoform with ammonia. Acetone in the presence of KHO 
dissolves HgO. HgCI^ solution is made strongly alkaline with KHU 
and then shaken with the supposed acetone solution and filtered. 
The filtrate will contain Hg if acetone was present. The compound 
formed is 2(C,H50)3Hg0. A saturated solution of HNaSO^. forms 
CjHgONaHSOj, with a solution of acetone. It is less soluble in 
alcohol than water. This is a method of purification of acetone. 

Acetone is much used us a solvent for gun-cotton and other 
nitrated celluloses, in the manufacture of smokeless powders, and 
for other purposes. 

Gun-cotton, CjIIj0,{N03)3, as made from cotton and a mixture 
of nitric and sulphuric acids, is fibrous, as is the original cotton or 
cellulose, but after solution in acetone is left on evaporation of the 
latter in a horny .state, resembling glue. 


The term “Normal Salt,” frequently used in connection with 
both organic and minei’al acids, ^eans that all the acidic or replace- 
able hydrogen has been turned out by a metal. They are sometimes 
neutral to test papers (litmus, &c.), but not always. Some normal 
alkali salts still react alkaline. 
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GENERAL REMARKS. 

A PRELIMINARY “ dry '' examination of the substance under analysis 
should never be omitted before proceeding to the examination for 
bases in solution, * 

Apart from the deductions to be drawn from the external pro- 
perties of the substance, such as its colour, shape, gravity, odour, &c., 
the detection of certain substances in a preliminary examination will 
frequently modify the course of analysis to be pui-sued in solution. 

For example, if organic matter has been found by the dry exami- 
nation, the filtrate from Group II. should be evaporated to dryness, 
and the residue ignited sufliciently to destroy any such organic 
bodies as sugar, tartaric or citric acids, which prevent the precipi- 
tation of some of the metals in the third group. 

But this process of ignition if carried too far renders certain bases 
insoluble, e.g., AlgOg, Fe^g, Cr^Og, etc., as well as silica. This would 
entail a separate analysis of the residue so obtained. If, therefore, 
the preliminary examination has established the absence of organic 
matter it is better not to ignite here. 

If arsenic has been found in a preliminary examination, the 
filtrate from Group I. should be boiled with a solution of to 
reduce any pentad arsenic, As^O^, compounds, to the state in which 
it is most easily precipitated by SH^, viz., As^^Og. 

If double cyanides have been indicated, it is advisable to ascertain 
whether there are any present that would interfere with the analysis 
in the ordinary way. 

A reasonable economy in the amount of substance used for 
analysis should always be observed, and sufficient of the original 
solid or liquid kept to confirm or to correct doubtful results. 

The purity of the reagents used is a point that is too often 
neglected ; alumina is often entered in an analysis because the soda 
used may have contained it, or iron, because fragments of rust 
from iron apparatus have fallen into the solution. It should also be 
remembered that ordinary filter paper is not free from impurities, 
lime, magnesia, iron, &c. ; accordingly, where any pretension is made 
to strict accuracy, paper that has been carefully washed with dilute 
hydrochloric and nitric acids should be employed. 

The term ‘‘ addition in excess ” is frequently misunderstood by 
beginners. 

It should be remembered that after a sufticieiit quantity of the 
reagent has been added, any further addition dilutes the solution and 
may retard the reaction or commence a re-solution or other secondary 
reaction. 

With properly prepared equivalent reagent solutions, equal 
volumes should complete the reaction in any case, and more is an 
excess. Generally half as much again may be taken as a fair excess 
quantity above that actually needed. With what are called normal 
solutions (see Appendix), say of HCl and NHg, 1 cc. of each will just 
neutralise each other, and 1 J cc. of HCl would be an excess of the acid. 

When preparing a substance for analysis the smallest possible 
quantity of acid should be used to bring it into solution (of course 
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the solution must be left slightly acid in order to separate the 
second group). The presence of much strong acid necessitates a 
considerable dilution with water, or a partial neutralisation with 
ammonia, before the removal of the metajs of the second group 
can be effected ; and as the filtrate from Group II, has sometimes 
to be evaporated to complete dryness before the third group can be 
analysed, much time is thereby lost. 

Even in working through the separate groups, unless care be 
exercised, the volume of the liquid becomes inconveniently large, 
and it is no uncommon occurrence to see beginners working with 
large beakers half full of liquid, whereas the largest vessel used in 
an ordinary qualitative analysis ought to be a test-tube or a two- 
ounce flask, or one of fhe large test-tubes called boiling tubes. 

Evaporation between groups is sometimes advisable. 

The thorough washing of precipitates in an analysis must be 
strictly attended to where indicated, particularly between the 
groups and subdivisions of the groups, or traces of one group may 
be retained in the precipitate of the preceding one, causing pre- 
cipitates to appear in the wrong place, or leading to the appearance 
of small quantities of other substances when such are not actually 
present. This must be attended to ; many errors arise from neglect 
of sufficient washing. 

Economy in time may be attained by judicious arrangement of 
an analysis, as many of the operations can be carried on simul- 
taneously. 

Care must be taken to label the tube or vessel the contents of 
which are not to be proceeded 'with at once. 

The student must use his discretion as to the quantity of the sub- 
stance or liquid to be taken for the examination of bases in solution, 
and for this no general rule can be laid down ; in bodies or substances 
where comparatively small quantities of one base are expected to be 
present with large quantities of another, more of the original sub- 
stance must be taken ; or where the supply at the disposal of the 
student is large, the trace may be sought for in a separate and larger 
portion of the original substance, after removal of the bases already 
detected by the appropriate group-agents. 

Heavy precipitates entail much washing, an operation which is 
tedious but quite indispensable. 

Lastly, it is almost unnecessary to remark that strict cleanliness 
must be observed in all apparatus used for analysis, as there is 
nothing more annoying than to remember at the end of an analysis, 
otherwise carefully conducted, in which unexpected results have been 
obtained, that these may have been due to carelessness in this matter. 

All reagent bottles must be replaced immediately after using, and 
as little loose apparatus permitted on the working bench as possible. 

All results, whether positive or negative, must be entered in the 
note-book as obtained, and before passing to the next experiment. 

At the end of the exercise the results should always be discussed 
and the special reactions and tests looked up before ma^ng a final 
report. 
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Graphite, and some other forms of caibon, and some of the platinum metals will remain unchanged. 
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odour 

Incrustation yellow when hot, white when cold Zn. 

Incrustation reddish-brown (readily volatilised) Cd. 

6 . The substance is reduced to the metallic state ^ and Au, Ag, Cu, Pb, Sn, Bi, Sb, Cd. 
shows indications of the jyroduction of a head 
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examination in solution. 


EXAMINATION OF A SUBSTANCE IN SOLUTION. 

1st. I'he substance under examination may be a liquid . — Examine 
it by means of well prepared test papers. The liquid may be 
neutral. — ^This excludes a large number of substances, since the 
greater proportion of normal salts of the metals possess an acid 
reaction. — The liquid gives an acid reaction. — This may arise from a 
free acid, or from the presence of a normal salt having an acid 
reaction, or from an acid salt. 

The solution possesses an alkaline reaction — showing the pre- 
sence of a salt of alkaline reaction, office alkalies, or alkaline earths, 
and of cyanides or sulphides of the alkalies or alkaline earthy metals. 

Evaporate a portion of the liquid to dryness, on a watch-glass, or 
platinum foil. If it leave no residue it may consist of pure water 
only, or of a solution of some substance which evaporates along with 
the water or other solvent ; if it leave a residue a larger portion of 
the liquid should then be evaporated to dryness in a porcelain dish 
and subjected to a preliminary examination in the dry way. 

2nd. The substance under examination may he a solid . — If it occur 
in large pieces, or in the form of a coarse j)Owder, it should first be 
reduced by mechanical means to as fine a powder as possible. 

Natuial silicates and compounds which are decomposed with 
difficulty by acids, are finely powdered in an agate mortar and, if 
necessary, sifted. The coarse particles must then be ground again 
till the whole of the substance is obtained in an equally fine state of 
division. 

Ascertain whether the solid substance is wholly or in part soluble 
in water. This is done by boiling about a gramme of it in distilled 
water, allowing the undissolved portion to subside, and evaporating 
a few drops of the water to dryness on a watch-glass. 

The residue insoluble in water is next treated with dilute hydro- 
chloric acid, and heated for some time to boiling. 

If the substance is not completely dissolved by these means, it is 
best to take a fresh quantity in a test-tube, pour over it two or three 
cubic centimetres of concentrated hydrochloiic acid, and then to boil 
until half the acid has evaporated away. Water is added, the con- 
tents of the tube are warmed, and if a residue I’emains it may be 
same way. What fails to dissolve by this method 
should be regarded as insoluble unless the residue is known by its 
appearance, or by the preliminary examination, to contain something 
that would dissolve in aqua regia. In this case, treat the residue 
with aqua regia, boil off the acids, and add the solution to the hydro- 
chloric sclution. Nitric acid or aqua regia should never be used unless 
It IS certainly known that they will be advantageous, e.g,, with metals. 

I fie residue insoluble in water and acids should be carefully 
washed with distilled water, dried, and then mixed with four times 
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its weight of dry Na^COg and K 3 OO 3 (fusion mixture) and fused. 
The fusion is best performed in a platinum vessel provided the 
insoluble residue contains no metals capable of forming alloys with 
platinum. This can be readily ascertained by an examination of a 
portion of the residue in the dry way. 

It should be borne in mind that only barium and strontium 
sulphates; silver chloride ; SiO^, and many silicates; native or ignited 
AlgOj and aluminates ; ignited Cr^Og and Fe^Og ; chrome iron ore ; 
SnOg (ignited or as tinstone) ; ignited Sb^O^ (a few metaphosphates 
and arsenates) ; CaF^, and a few other native fluorides ; sulphur and 
carbon, as charcoal or graphites, can be present in the insoluble 
residue. 

Silver compounds in general are changed into AgCl by boiling 
with aqua regia, and AgCl can be easily removed from an insoluble 
residue by means of ammonium hydrate. 

The examination of a residue requiring fusion with alkaline 
carbonates is invariably conducted separately. The fused mass is 
boiled with water and filtered ; the part insoluble in water con- 
taining the base in the form of a carbonate (oxide or metal) is 
dissolved in HCl. The aqueous extract is examined for such acids 
as would form insoluble compounds with the bases found as well as 
for silica. 

Alloys should be examined in the dry way as well as the wet 
way. Alloys are dissolved in dilute or concentrated HCl, sometimes 
with the aid of platinum foil, or in a platinum basin, or with the 
addition of a few crystals of potassium chlorate, but in this case not 
in a platinum vessel, and their solutions examined as usual. 

Cyanogen compounds are treated of after the tables for the 
separation of the metals. 

As they can all be decomposed by heating to redness in an open 
dish the metals previously in combination can be sought for in this 
ignited residue. 


N.B. 

REFER TO THESE “NOTES’^ TO GENERAL TABLE. 

{See reference numbers in table.) 

1. If chromium has been indicated in the preliminary examination, 
and the solution or substance has a yellow or orange colour, make a 
fresh solution by boiling with a little concentrated HCl and diluting, 
whether the substance is soluble in water alone or not. 

2. If cyanogen has been detected in the preliminary examination, 
it is advisable to test a portion of the original substance for double 
cyanides before proceeding in the usual way. 

3. If iodine or bromine is present, the solution or substance 
should be boiled with aqua regia until it is eliminated before passing 
on to Group II. 
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4. If the original substance had to be dissolved in HCl, SH, may 
be passed at once. 

5. In a saturated solution of a barium or sodium salt, HCl pro- 
duces a white precipitate which may redissolve in hot water. Such 
precipitates, however, Ve never produced in a properly prepared 
solution. From an alkaline solution HCl may precipitate Si(HO)^ 
(gelatinous), benzoic and uric acids (crystalline), also Sb^O^ (amor- 
phous). Metallic oxides, such as AI3O3, and metallic sulphides, such 
as As^S 3, SbgS^, Sb^S3, SnS, and SnS^, which dissolve in soda or 
ammonia, or ammonium sulphide, may likewise be precipitated on the 
addition of HOI to a solution that is alkaline, and are best examined 
separately. 

6. Oxychlorides of Bi, Sb, or Sn may be precipitated on the first 
addition of dilute HCl or water, but are readily redissolved on the 
addition of more acid and gently heating, or the precipitate may be 
disregarded if the metals of C 4 roup 1 . are absent, since SIL readily 
converts the finely divided oxychlorides into the corresponding 
metallic sulphides. 

7. If arsenic has been detected in the preliminary examination, 
this filtrate which may contain pentad arsenic, should be boiled with 
a solution of sulphurous acid, and the acid solution evaporated con- 
siderably to expel the SO.,. Ba, Sr, Ph, when present, may be 
precipitated either partly or wholly as sulphates. The precipitate is 
best examined separately, 

8. SH2 often produces merely a precipitixtion of sulphur, owing 
to the presence of oxidising agents such as Cl, Br, I, H^SO^, UNO,, 
HNO3, ClHO, HCIO3, IT.,CrO^, or ferric salts. This precipitate is 
easily distinguished by its being white and remaining suspended in 
the solution. It may be filtered ofl* and neglected. A brick-red 
precipitate of Pb^SCC often comes down from strongly acid solutions 
if they have not been snfliciently diluted with water. Cadmium is 
very often left in solution if too much odd is present. 

9 . SH, should be j)assed once more through the filtrate to make 
sure of the complete precipitation of all the metals of Group II., and 
it is advisable to dilute a few drops with four or five times their 
volume of water and pass SH^. If this further dilution enables 
SHjj to give more precipitate, the wdiole solution must be so treated. 

10. It is possible that this SiO^ may be mixed with other sub- 
stances, 6.gr., AlgOg, CVgOg, Fe^Og (remlered insoluble by strong 
ignition), BaSO^, SrSO^, in which case it is necessary to examine it 
separately. 

1 1 . Small quantities of borates and fluorides of the alkaline earthy 
metals may likewise be precipitated, but need not be examined 
fuiiiher, since their bases will be detected in Group IV., and their 
acids on examining in the usual way for acids. 

12 . The solution must not be boiled, since the NH^Cl by double 
decomposition dissolves the alkaline earthy carbonates, forming 
chlorides of the metals and ammonium carbonate which volatilises 
with the aqueous vapour. 



EXAMINATION OF A SOLUTION FOR COMMON BASES. 
A Simple Geneiial Taule fob Separation of the Groups. 

Do not omit to refer to “Notes ” to General Table on p. 221. 


'o 

u 

a 

a 

Q 

Pk 

«i^ 

o 

m 

73 

fc* 

o 


§ 


o 

02 

CJ 


o 

o 

o 

§ 

o 

o 

cs 

•XJ 

o 


o 


c3 

cc 

C3 

be 

p 

o 


o 

a 

•X5 

cj 

P 

o 


o 

o 

H 

CO 

CQ 


QQ 

O 

■4J 

O 

izi 


GROUP TABLE. 223 




224 


Table I.— SEPARATION OF THE METALS 
AttBtid to the Footnote cind^ 


Precipitate* may contain PbCU AgCl, Hg-jO), (Note 1. General Table). 

The solution may contain PbCL. 

On cooling white acicular crystals fail out. 
Confirm by adding solution of KoCrO^. A 
yellow precipitate indicates 

Presence of Pb.* 

The w-hite residue may consist of AgCl 

The solution may contain AgCl ; acidulate 
with HNO3. 

A white curdy precipitate indicates 
; Presence of Ag.* j 


Table II.— SEPARATION OF THE METALS OF^ 

* 


The precipitate may contain HgS, PbS, BLS3, CuS, CdS, SnS, SnS,, SbjSg, Sb^S^, As.^Sg. (An 

the precipitate until free from HCl ; boil with sodium hydrate 


Residue. —Wash well ; boil in a little HNO.,, diluted with an equal bulk of water, until all 
action ceases. Dilute with water ; add dilute hLSO^, as long as a precipitate is pro- 
duced ; cool, add an equal bulk of alcohol (methylated) ; filter (F.N. 2). 


Residue. — May contain HgS, PbSO^, j 

and S. Boil in ammonium acetate j Solution. — Boil off the alcohol, add excess of 
or HCl: PbS04 dissolves ; allow to j NH^OH ; boil and filter, 
cool and filter. | 


Residue consists 
of HgS and S or 
of S only. To 
confirm, dissolve 
the black residue 
in a little aqua- 
regia, boil off 
free chlorine, 
neutralise with 
NaHO, acidify 
with HCl, and 
introduce a strip 
of bright metal- 
lic copper into 
the solution. It 
becomes white or 
silvered. 


Solution. —A dd 
K2Cr04, yellow 
precipitate of 
PbCrO^ indi- 
cates 

Peesence of 


The Frkcip! i \ti The solution, divide into two parts. 


consists of 
Bi(HO),. Dis- 
solve in a few 
drops of dilute 
HCl and pour 
the solution into 
250 or 300 cc. i 
water. A white 
precipitate of 
BiOCl indicates 

Presenxe OFBi.* 


1 . i 

If blue, add KCy I 
till colourless 
and pass SH.,. 

A yellow pre- 
cipitate of CdS 

Indicates Pre- 
sence OF Cd.* 


2 . 

Blue colour indi- 
cates Cu. Add 
acetic acid till 
acid, and then 
K^FeCy,. A 

reddish-brown 
precipitate of 
CujFeCya 


Indicates Pbe^- 
SENCE OP Cu.* 


Indicates Pre- 
sence OF Hg. 


i 


WL r « (NH,),S and HgS in SNa,. It is therefore advisable to 

F N 2 dissolve in (NH,),S, when a little CnS will be fonnd 

h.N. 2. Do not add the H2SO4 and alcohol unless they are shown to be necessary by 

’^SbignreriSta'^P.i”* the cold HCl solution of the two chlorWes 

bb IS precipitated. B liter. Solution contains the Sn. Add a little HCl, and pass SHj 

* A confirmatory test should he 
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^ GROUP I. (Precipitated by HCl.) 
rectiom accurately. 

t 

ash precipitate on filter with hot water till quite free froifi PbCL, 


ijgCla ; heat gently with excess of dilute NHpH, 

le Residue is black, consisting of NHjHgCI. Dis- 
solve in a little aqua regia, nearly neutralise, test 
the solution with a strip of bright metallic copper. 
Copper becomes covered with a grey deposit, which 
becomes silvery when rubbed. Indicates 
Pbesence op Hg.* 


Caution.— Unless HCl be added in ex- 
cess, and the solution gently heated, 
oxychlorides of Bi, Sb, as well as Sn 
(likewise H^SiO^ indicated by the 
formation of a jelly or gelatinous 
precipitate) and a few other sub- 
stances may become precipitated in 
this group. 


ROUP II. (Precipitated by SH^ in an acid solution.) 


id Pt must be tested for specially in a separate portion of the filtrate from Group I. ) Wash 
ammonium sulphide, or sodium sulphide, and filter (F.N. 1). 

)LUTiON may contain As, Sb, Sn (Au and Pt) as sulpho-salts. Acidulate with dilute HCl 
As.,S,j, SbgSj, and SnS^ are re-precipitated. Filter and wash ; boil with a little concentrated 
HCl until SH 2 ceases to be evolved, add equal bulk HgO and filter. 


>LUTI0N. F.N. 3. Pour into a porcelain dish and put into 
it a piece of platinum foil with a strip of zino in contact 
with it. 


black stain on the platinum I Allow the zinc to remain until 


surface indicates the 
’•Presence of Sb * 


the acid is exhausted, scrape 
the deposit off the zinc that 
it may be removed clean, 
and dissolve the precipita- 
ted metal in a little strong 
HCl in contact with a piece 
of platinum, and add HgCh 
to the solution. A white 
precipitate of Hg^Cl.^ or a 
grey precipitate ol tig in- 
dicates the 

Presence op Sn.’" 


Residue contains the AS2S3 
or only sulphur. 

Confirm As by heating the 
dried residue with KCy and 
NagCOj in a bulb tube. But 
if (NHJoS has been used s« 
that there is much sulphu: 
in this residue, the As^S, 
may be dissolved in a little 
aqua regia and Reinsch’s 
test applied. That is warmed 
with clean metallic copper 
in a test tube. A grey coat- 
ing indicates As. This coat- 
ed Cu when heated in a 
dry test-tube should give a 
white crystalline sublimate 


iiissolve the precipitate in the absence of CuS with (NH.)..S, and in the absence of HgS with SNBj. 
the solution. 

Pi^eclpitate with a few drops of the solution. 

^itn NH^OH ; add an excess of a strong solution of oxalic acid, pass SH, till the whole of the 
jor some time. Brown or yellow precipitate. Presence of Sn. 
jfinally applied (see the metals). 
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TABLE IIIa.-SEPARATION OF THE METALS OF 

GROUP IIIa. 

(/h the. (ihsence of Phosphates.) 


The Precipitate consists of Fe_,{HO)j. Crj(HO)^. and Al2(HO)(, precipitated 
by NH,OH in the presence of XH^CI. Wash with hot water. Dissolve in 
dilute HCl. add a solution of XaHO in excess, and boil for some time. 
Filter off. 


i 

Besidue insoluble. —Dry and fuse with fusion i Solution. — Acidulate 
mixture and nitre on platinum foil. Boil in with dilute HCl, and 
water, and filter. ! add NH,OH in slight 

I excess, or solid NH4CI 
i may be added, and the 

Besidue. — Dissolve in | Solution yellow. Con- ! solution boiled, 
dilute HCl, and add i firm by adding acetic ; White gelatinous precipi- 
K^FeCy^. ' acid and lead acetate. tate indicates 

A precipitate of Prussian ! Yellow precipitate of 
blue indicates 1 PbCrO^. Presence op A 1 . 

Prhsence OP Fe. ! Presence of Cr. Ab/f.— If no sodium hy- 

1 drate free from alumina 

Test the original HCl Traces of man- can be obtained, it should 

solution specially for i ganese— owingtoimper- be made by dissolving a 
ferrous and ferric iron ; feet separation of Mn i little sodium in alcohol, 
by means of K^FeCy,,, ! from Fe by precipitation I adding water andevapor- 
K^Fe^Cyij. or NH4SCN. ! withNHpH andXH,Cl ! ating in a silver or 
1 —are indicated by the ! platinum dish until the 
bluish-green colour of I alcohol has evaporated, 
the fused mass arising Failing silver or platinum, 
from the formation of an a nickel dish is quite safe, 
i alkaline manganate. 
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TABLE IIIb.— SEPARATION OF THE METALS OF 

GROUP IIIb. » 

{Ith the absence of Phosphates.) 


« 

The Precipitate may consist of ZnS. MnS. NiS, CoS.* * * § Wash off the filter 
and dissolve the precipitate in dilute HCl, with the addition of a small 
crystal or two of KCIO3 if the precipitate is black. Boil, add NaHO in 
excess, boil, and filter, after allowing to cool a short time.f 


The Insoluble EESiDUEmay contain Mn(HO)2. Co{HO)„ 
and Ni(HO)2. Wash, dissolve in a little HCl ; nearly 
neutralise with NH^OH ; add excess of ammonium 
acetate ; pass a rapid current of SH., for several 
minutes through the solution and filter. The solution 
should be acid with acetic acid. 


The Solution may 
contain Zn, as 
Zn(NaO)2. Add 
SHjj. White pre- 
cipitate of ZnS 
indicates 

Presence of Zn.g 

j The Solution 
I contains the 
I manganese as 
! acetate. 

Add NH.ChNH^- 
OH and SHj, or 
ammonium sul- 
phide direct to 
the solution. 

Flesh - coloured 
precipitate of 
MnS indicates 


Residue. — Dissolve in HCl and 
KCIO3 ; thoroughly expel SHo ; 
nearly neutralise with solid 
NuoCO^ ; add a solution of KCy, so 
as just to redissolve the precipitate 
first produced. Boil briskly for 
a few minutes, allow to cool (filter 
off any slight precipitate), and add 
an equal bulk or more of a strong 
solution of NaOCl : J warm gently 
as long as a black precipitate 
forms, and filter. 


Presence opM n.§ 


Precipitate 
consists of Ni,- 
(HO),. FilteV 
off and confirm 
by heating a 
small portion 
of it on a borax 
bead before the 
blowpipe flame. 

A yellowish to 
sherry-red bead 
indicates 

Presence OP Ni.§ 


The Solution 
contains the co- 
balt as KgCOjj- 
Cy,2. Evaporate 
a small part to 
dryness, and 
test the residue 
before the blow- 
pipe flame on 
a borax ^ead. 

A blue bead in 
both flames in- 
dicates 

Presence OP Co.§ 


* Unless this precipitate is black no Ni or Co need be looked for. 

T Boiling alkaline solutions are liable to disintegrate the paper of the 
filter. 

X Strong bromine water with NaOH may be used instead of NaOCl. A 
bleaching powder solution may also be used. Also chlorine water. 

§ The precipitates should be saved for final confirmatory tests. 




s; 

§ 


Ph 

p 

O 

P5 

O 

o 

H 


O 

t-H 

H 

P3 

PL| 

Pq 

02 


hP 

PP 

<1 

cH 


228 




229 


Table IV. — SEPARATION OF THE METALS OF 

GROUP IV. 

(Precipitated as Carbonates by (N HJ.^CQ3. ) 

The Precipitate consists of Ba, Sr, Ca, ag carbonates. Wash, dissolve in hot 
dilute acetic acid, add K^CrO^, warm and filter. 


To the Solution add (NH,)2SO„ or dilute H^SO,, 
and warm the solution for five or six minutes. 


A yellow Pbecipitate 
indicates Ba. It is 
BaCrO^. Wash and 
dissolve it in dilute 
HCl and add H2SO4 ; 
a white precipitate of 
BaSO^ confirms 

Presence of Ba. 


A fine granular Precipi- i 
TATE,* which gradually , 
increases, of SrSO^. 
Confirm by heating on I 
a platinum wire with I 
HCl. A crimson flame, ; 
which rapidly fades j 

= Presence op Sr. ' 


To the Solution add an 
oxalate or oxalic acid 
and ammonia, A white 
precipitate of CaC204.t 
Heated on Pt wire, a 
red flame, persistent 
for some time, indicates 

= Presence op Ca. 


Table V.— SEPARATION OF THE METALS OF GROUP V, 

(Contained in the filtrate from (NH^)2C03.) 

The Solution may contain Mg, K, Na. Divide it into two parts 


S mallet' Part, 


Larger Part. 


Add HNaoPOp shake, and 
allow to stand a few 
minutes. A white pre- 
cipitate, which may be 
slow in coming, and if 
slow will be crystalline 
and adhere to the sides 
of the tube, especially 
if it be stirred with a 
glass rod, indicates 

Presence op Mg. 


Evaporate to dryness in a porcelain or platinum 
dish, and ignite until no more fumes of am- 
monium salts are evolved. Test the residue on 
a platinum wire in the flame. If the flame be- 
comes luminously yellow 

Presence of Na is indicated. 

The flame is coloured violet 

Presence of K and Absence op Na. 

Look at the flame through blue glass. In any 
case, dissolve the residue in li.fi with one drop 
of strong HCl, add about one cc. PtCl4, and 
evaporate carefully j ust to dryness. Add alcohol 
and a little water. ^ Bright yellow crystalline 
residue. It is heavy and sinks readily. 


= Presence op K. 


* If much calcium is present, a copious crystalline precipitate may come 
down here. Such a precipitate, after waiting a few minutes, is filtered off and 
warmed with a concentrated solution of (NH4)2S04 and NH4OH ; the solution 
so obtained is tested for Ca with ammonium oxalate, and the insoluble part is 
tested for Sr. 

+ If a perceptible amount of Sr has been allowed to remain in the solution 
it will be precipitated here. It is well to test only a part of the solution for 
Ca, and if a small precipitate is produced, which it is supposed may be due to 
Sr, to allow the remainder to stand for a longer time that the SrS04 may 
separate more completely. 

f If the residue is whitish-yellow and not heavy, add more water or HCl, 
dilute. This is likely to be the case when sulphates or phosphates are present 
in the original substance. 



ACIDS. CAUTIONS. 


2,S() 

It is well for the student to have a known mixture ^^iven for 
exaiuination containing a few metals, and to be required to sepai-ate 
and confirm not only by these plans, but to be required to construct 
modified plans of analysis based on the reactions of the metals given 

in chaps, ii.-vi. , , , . , 

It will have been noted that no place has been tound in the 
separation bibles for some of the non-metallic substances, as carbon, 
sulphur, phosphorus, &c\ These bodies are easily found in the pre- 
liminary dry examination. 


EXAMIXATIOX FOR ACIDS. CAUTIOX8. 

Before proceeding to the examination for acids, the student will 
do well to consider carefully which acids can possibly be combined 
with the bases present. A perusal of tlie Table of Solubility of 
Salts, given in the Appendix, will materially aid him, and will 
probably save much labour and time. Some acids are <letected on 
examining for bases — viz., As.,03, As^O^, and in com- 

bination with metals of Groups III. and IV. ; llgCrO^, CO.„ 
HgSOg, H^S^Og, ClHO, HXO2, the six lastly mentioned acTds on 
dissolving the substance in dilute HCl, or on adding llCl in 
Group I. The student should be on the look out for them. 

A careful preliminary examination for acids will probably lead to 
the detection of a further number of acids, of HI, IIIO3, llBr, 
HBrOg, and HCIO3, HXO,, HXO„ HC 1 ,C 1 H 6 , IlF, HCy, H.FeCy,, 
HgFe^Cyj^, CyOH, and CySH, acetic, oxalic, and other organic acids, 
may likewise be indicated. When more than one of these acids 
is present, the detection is somewhat more difficult, and the result'^ 
obtained by a preliminary examination for acids rerpiire to be care- 
fully confirmed by the examination of tlie solution. 

Thus, a chloride in the presence of a nitrate, when treated wuth 
concentrated H^SO^. evolves chlorine and red fumes of lower oxides 
of nitrogen, and possibly nitrosyl chloride ; in the presence of a 
chromate browni&li-red fumes of CrO.,C]g. 

When the preliminaiy examination gives no distinct indication 
of the presence of any of the acids just mentioned, B(HO)3, 

must be looked for specially. A fluoride with an excess 
of a borate does not etch glass. The student must bear in mind that 
acids cannot be detected in quite the same systematic order as bases, 
and that he ought therefore never to be satisfied till he has confirmed 
the presence of acids by the most characteristic special tests. 

At the same time there is a natural or logical order of procedure 
in the case of acids, and the student is strongly urged to study and 
construct plans of separation and detection of mixed acids. It will 
be found an extremely valuable exercise. 

Remember that in this preliminary examination table the in- 
ferences are, in most cases, indicate” only, not absolute proofs. 

Other tests should be applied, and if the student has done some 
of the experiments under the headings of each of these acids, *0., 
confirmatory tests will immediately suggest themselves. 
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2:u PREPARATION OF SOLUTIONS FOR ACIDS. 

examination of solution fob acids. 

Before proceeding to this part of the systematic analysis, it is 
imperative that the student shall carefully consider what acids it 
is necessary to look for. Some have, perhaps, been indicated as 
probably present, and there may be other acids that cannot have 
revealed themselves because of the presence of some interfering 
constituent. For instance, HCl cannot show in the preliminary 
examination if HBr is present, because the latter acid gives all the 
indications that HCl can give. Again, there are a few acids, like 
HgSO^, that give no, or few, preliminary indications of their presence; 
they must, therefore, always be looked for if it is possible for them 
to be present. 

Having made a list of the acids that are to be searched for, the 
next matter for considemtion is the method of pursuing the search, 
particularly the preparation of a suitable solution for each test. The 
practice of ahoays preparing the solutions by first boiling with sodium 
carbonate is not to be recommended. 

If the bases present do not interfere, each solution should be 
prepared by adding the required acid to the aqueous solution, or to 
the solid substance itself, filtering if necessary. No bases interfere 
in looking for H^SO^ or HCl in a solution. 

If bases have to be got rid of (as for instance Pb in preparing 
a solution to test for H^CrO^, Ca, in a solution for oxalic acid), 
the solid substance is boiled with a slight excess of Na^jCO^ solu- 
tion, the precipitate is filtered off, and those solutions that may 
happen to be required are prepared in the following way from the 
filtrate — 

1. Dilute HCl is added to a portion of it, as long as CO^ is 
evolved, and till the solution is rendered distinctly acid. 

2. Another portion of the alkaline filtrate is rendered acid by 
means of dilute HNO 3 and boiling. 

3. A third portion is rendered acid by means of dilute acetic 
acid. 

4. A fourth portion is carefully neutralised by first adding dilute 
HNO 3 , drop by drop, and boiling as long as CO.^ or other volatile acid 
is evolved, and till the solution is distinctly acid to test-paper; then 
by adding a few drops of very dilute ammonia hydrate till the solu- 
tion gives a neutral reaction with blue and red litmus-papers. The 
strictest attention must be paid to these directions^ and the least possible 
excess of either acid or alkali should be employed, since the precipita- 
tion of several acids is prevented by the formation of an ammonium 
salt in anything like large quantities, on account of the formation of 
a soluble double salt, e,^., ammonium calcium tartrate, ammonium 
calcium citrate, &c. 

* If a metal is present that must be got rid of, but which NsuCOj will not 
precipitate, it will be necessary to precipitate it as sulphide from a slightly 
acid solution. Hg in presence of HCy, Cu, and Sb, in presence of tartaric 
acid, &c., are examples requiring this treatment. 
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SOLUTION FOR ACIDS. 

If the preliminary examination for bases has shown the presence 
of ammonium salts, it may be necessary to decompose them by boil- 
ing with NaHO solution before preparing Solution 4. 

Ebullition or fusion with Na^Coj decomposes the phosphates of 
the alkaline earths but imperfectly; the phosphoric acid so com- 
bined is, however, invariably detected by means of ammonium 
molybdate. 

No further notice need be taken of the following acids ; COgjSH^, 
SOg, HNOg, ClHO, HOy, since they are detected with certainty in 
the preliminary examination. 

1. HCl SOLUTIOX. 

If present : 

H3SO4, — On adding solution of BaClg, a white precipitate, insoluble on 
boiling. 

2 HF,SiF^. — On the addition of BaCl^, a gelatinous translucent pre- 
cipitate of BaFgSiF^ is obtained. Confirm by drying and 
heating the precipitate in a tube, when SiF^ is given oflF. Take 
the residue and heat with Na^COg on charcoal, place fused 
mass on silver coin and add 1 drop HCl, brown stain indicates 
S as HgSO^. NH^OH produces in some solutions gelatinous 
H^SiO^, with formation of NH^F, BaFg, and OHg. 

To filtrate, or another portion, or same solution if no result from 
BaClg add FegOl,. 

H^FeCyg. — A deep blue precijatate. 

HgFegCyig. — A brown coloration only. If both acids are present, after 
adding a slight excess of FCgClg, boil and filter oft*, and observe 
the colour of the filtrate. If on the addition of SOg or 
FeSO^ to the filtrate^ a blue precipitate is obtained, it is con- 
firmatory of the presence of HgFOgCyjg. Filter again, if 
necessary. 

CySH. — A blood-red coloration, which is destroyed by HgClg and 
not by HCl (the red colour which acetate imparts to a 
solution of FCgClg is destroyed by HCl). 

H^SiO^. — To a separate portion add NH^Cl or (NH^^jCOg a gelatinous 
precipitate, requiring no further confirmation, since SiOg is 
left on evaporating the filtrate from Group II. 

2. HNO 3 Solution. 

If present : 

HCl. — On the addition of AgNOg a white curdy precijatate, very 
soluble in NH^OH. 

HBr. — On the addition of AgNOg a yellowish-white precipitate, less 
easily soluble in NH^H. Confirm by adding chlorine water 
to the original solution, and shaking up with CSg. Bromine 
colours the CSg to a reddish-brown. 

For the detection of HBr and HCl in the presence of one 
another, see the reactions of those acids. 

HI. — On the addition of AgNOg a yellowish-white precipitate, almost 
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SEPARATION OF ACIDS, 


insoluble in NH^OH. Confirm by the blue colour imparted 
to starch paste by the iodine liberated by chloiine water or 
addition of a nitrite to the acid solution. 

Detection of ilOl and HI in the presence of each other , — 
The two acids are precipitated by AgN03. The precipitate 
is digested with NH^OH and filtered, Agl bein^ insoluble in 
NHpH, dilute HNO3 reprecipitates white AgCl fi'om the * 
filtrate. This is a partial separation only. 

Detection of llCly lIBr and HI in the prese'nce of each 
oth€7\ — Precipitate the HI as Cu^Ij,, by means of CuSO^ and 
FeSO^ or CuSO^ and metallic Cu, or CuSO^ and a sulphite or 
SO, solution, and filter. Boil ofl* the SO, from the filtrate, 
and test a part of it for HBr by chlorine water and CS,, and 
to the rest add HNO^ and excess of AgNO.^. Wash the silver 
precipitate by decantation, and agitate it with water con- 
taining a little NH^OH. Filter and add HNO3 to the filtrate 
to reprecipitate the AgCl. 

(i) HOy. — Distinction between JlCly HBr^ Ilf and HCy, — Test spe- 

cially for HCy before proceeding to the examination of the 
other acids as described, by treating a small quantity of the 
original substance in a porcelain dish with very dilute H,SO^, 
and causing the evolved HCy to act upon a drop of yellow 
(NH^)2S on filter-paper, contained in a second porcelain dish 
inverted over the one containing the mixture. The NH^SCy 
which is formed gives a blood-red colour upon adding Fe^Clg, 
if a single ’’ cyanide was present. 

(ii) HSOy ] 

(iii) H^FeCyg are likewise precipitated on the addition of AgNO,, 

(iv) H,Fe,Cy,J 

and are insoluble in dilute HNO3. second and third form 

salts which are insoluble in NH^OH, whilst AgCy and 
AggFe^Cyj, are readily soluble. These acids are, however, 
best detected in the portion acidulated with HOl.'^ 

3. Acetic Acid Soluttox. 

If present : 

HF. — Add CaCl,, a white gelatinous precipitate. HgSO^ may also be 
precipitated by CaCl, in a strong solution ; it is therefore 
necessary invariably to test specially for HF by etching on glass. 

HgCgO^. — A white precipitate of CaC^O^ is obtained, which on ignition 
leaves CaCOg, soluble with effervescence in acetic acid. 
(Calcium fluoride is not affected by ignition.) On igniting 
the mixture the residue can be 'examined for CO, by dilute 
HCl and for HF by H^SO^ and its effect on the glass of the 
test tube. To the filtrate or solution if CaCl., be without effect. 

H,CrO^. — Add to one portion lead acetate a vellow precipitate of 
PbCrO,. J 1 r 

^ No other cyanogen compound but a cyanide gives off HCy when treated 

with very dilute and it is therefore possible also to distinguish HCy 

in the presence of HSCy, HOCy, H.FeCy^, H,Fe,Cy,.. 
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SEPARATION OF ACIDS. 

H 3 PO 4 .— Add to another portion Fe^Clg a yellowish-white gela- 
tinous precipitate, from a solution of a soluble phosphate or 
a phosphate decomposable by boiling with Na^COg, Arsenic 
acid, if present, should be first removed by treatment with SH . 

Phosphoric acid will, of course, have been found during the 
examination for bases by the molybdate. 

4. Neutral Solution. 

Tartaric acid. — On the addition of CaClg a white precipitate which 
is crystalline, or becomes so, obtained by vigorously shaking 
or on standing. Treat the tartrate of lime, after thoroughly 
washing, with a strong cold solution of NaHO. After a 
short time the precipitate dissolves, and on heating it is re- 
precipitated in a gelatinous form. Characteristic reaction for 
tartaric acid, * 

Citric acid. — On the addition of CaClg in excess, no precipitate is 
obtained from the neutral citrate till the solution has been 
boiled. The precipitate is insoluble in NaHO, but dissolves 
in NH^Cl; upon boiling neutral citrate of lime separates 
again ; now no longer soluble in NH^Cl, 

Boric acid. — Boric acid is sometimes indicated in the preliminary 
examination by the swelling up of some of its compounds, 
and the precipitation of HBO 3 in crystals from a concentrated 
solution of a borate, with moderately dilute H^SO^ or HCl. 
More delicate, however, is the reaction which boric acid gives 
with turmeric paper, and to the Bunsen flame. 

Benzoic acid, — On the addition of Fe^Clg a pale yellow precipitate. 
Confirm by the reactions which a benzoate gives in the pre- 
liminary examination, since a precipitate of Fe 2 (HO)g is fre- 
quently mistaken for ferric benzoate, owing to imperfect 
neutralisation. 

Succinic acid. — On the addition of Fe^Clg a reddish-browm precipitate. 

Separation of Benzoic and Succinic Acids . — Precipitate the 
two acids with Fe^Clg, warm the washed precipitate with 
ammonia, filter, concentrate the solution, divide it into two 
parts and mix one part with hydrochloric acid, the other 
with barium chloride and alcohol. Ba succinate precipitates 
amorphous and almost at once, and benzoic acid forms crystals 
after some little time. 

Formic acid. — On the addition of FCgClg a red coloration, and on 
boiling a reddish-brown precipitate, similar to that produced 
by acetic acid. If no substance capable of precipitating 
mercuric chloride be knowui to be present, heat with HgCI^ to 
between 60 "" and 70 "" and observe if a^y reduction takes place. 

Acetic acid. — On the addition of FOgClg in excess, the fluid acquires 
' a deep red colour, owing to the formation of ferric acetate. 
If the solution is nearly neutralised and boiled, the whole of 
the acetate is precipitated of a reddish-brown* colour. 

Special tests should be applied in all cases. (See the reactions 
of separate acids.) 
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INSOLUBLE CYANIDES. 


TABLE FOR THE ANALYSIS OF CYANOGEN COMPOUNDS 
INSOLUBLE IN ACIDS. 

Method I. 

N.B. 1. — All the single cyanides are decomposed on boiling with 
concentrated HCl into metallic chlorides and hydrocyanic acid. 

Ag^FeCy^, AggFe^Cyjg, and AgCy are decomposed into AgCl by 
boiling with aqua regia. Mercuric cyanide (soluble in t^ater) is 
decomposed by SH^. 

Before using either of these Tables, it is advisable to make certain 
that insoluble ferro- or ferri-cyanides are really present in the sub- 
stance under examination. They will have beeii indicated in the dry 
way by the odour of cyanogen emitted on heating in a tube, or in 
solution, when the original substance is treated with HCl, by the 
characteristic blue or green colour of the solution or of the insoluble 
residue. 

To test for the presence of insoluble Double Cyanides , — Boil a portion 
of that part of the original substance nvhich is insoluble in dilute 
HCl with caustic soda, filter ; acidulate the filtrate with HCl, and 
test for H^FeCyg, H^Fe^Cy,., by means of Fe^Cl^ and FeSO^ (see 
reactions of acids in HOI solution). 


Insoluble double cyanides are present. 

Boil the portion of the original substance intended for analysis 
with water until the soluble portion is entirely removed. 

A. Aqueous Solution. — Examine in the usual way by Tables I., 
II,, III., lY., and Y., and for acids indicated as possibly present by 
the preliminary examinations. 

Insoluble Residue from A. — Boil with a strong solution of 
I pot^sium or sodium hydrate, add a little carbonate of soda, and boil 
again for some time ; filter and wash the residue well with hot water. 
The residue is now free from cyanogen unless silver cyanide was 
present. 

Residue prom Sodium Hydrate Extraction. — Dissolve in HCl 
and examine for bases (including phosphates perhaps) except K and 
N^a. 

The soda solution may contain other acids besides ferro- and ferri- 
cyanides separated from their bases by boiling with caustic soda and 

those oxides soluble in alkalies, e.q., SiOj, 
A1*0„ ZnO, PbO, &c., and AgCy. 

Pass SH, through the alkaline solution until the solution smells 
strongly of the gas, add a few cc. more soda, heat moderately for a 
short time and filter, wash precipitate well, and set it on one side. 
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This precipitate may contain HgS, PbS, CnS, ZnS, AgS, <fec., some 
of which may have passed into solution in the sodium hydrate through 
the agency of organic matter. 

The solution after removal of ZnS, AgS, and part of Group II. 
may still contain Ajb, Sb, Sn, soluble in excess of soda, and HgS 
soluble in SNa,. Acidify with dilute H^SO^, and filter. Wash well, 
and examine this precipitate for the metals indicated. 

The sulphuric acid solution may still contain those metals which 
when in combination with cyanogen form compound radicles; Fe, 
Co, &c., and alumina. Examine it for alumina ; the other metals 
will be detected among the acids. 

Examine a part of the caustic soda extract, especially for the 
complex cyanogen acids. 

Method II. 

Heat the portion of the original substance intended for analysis 
in solution with pure concentrated HjSO^ in a porcelain basin for 
some time; remove the- greater part of the acid by evaporation, 
dilute and filter. Set the acid solution aside. 

Residue, boil with HCl (N.B. 1), and having dissolved out all that 
is soluWe, add it to the first solution. 

Evaporate the mixed acid solutions and examine for bases as 
usual. 

Residue left after treeing with HCl may contain Ba, Sr, Pb, (te., 
converted into sulphates by treatment with sulphuric acid, also silica 
and other substances insoluble in the first instance (N.B. 2). 

Wash well, dry, and examine this as an ordinary insoluble 
residue. 

The examination for cyanogen acids is conducted in a solution 
prepared by boiling some of the original substance with caustic soda 
and sodium carbonate, filtering and" acidifying. 

N.B. 1. — Sulphate of lead is decomposed by boiling with concen- 
■ trated HCl. 

N.B. 2. — It is advisable to test a portion of this residue in the dry 
way to ensure absence of metals, which might alloy with platinum. 

Method III. 

The double cyanogen acids may be destroyed and the bases ob- 
tained as sulphates by heating the substance with two or three times 
its bulk of a mixture of ammonium nitrate and sulphate. The 
ignition should be stopped before all the ammonium salts are 
volatilised, and the residue examined as usual for bases. The 
examination for acids is done, in a solution prepared as described 
above. 
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DECOMPOSITION OF SILICATES, 


SILICATES. 

With the exception of those of potassium and sodium all silicates 
are insoluble in water or nearly so. 

A few silicates are insoluble in concentrated HCl or H^SO^, but 
the greater number are either partially or entirely decomposed by 
these acids when heated w’ith them. 

Most rocks are mixtures of several silicates, of which some are 
often decomposable by acids; others are not. If, therefore, it is 
considered necessary to ascertain, as far as possible, the actual 
composition of the silicate under examination, it is advisable to 
examine separately those constituents which show a different 
deportment with acids. Silicates, such as kaolin and common clays, 
can frequently be decomposed either wdiollj^ or partly by concen- 
trated sulphuric acid ; many natural silicates yield more or less 
silica on treatment with hydrochloric acid, which silica may be 
taken to represent the soluble silica, or the decomposable silicate, 
leaving the greater portion of the mineral behind in an insoluble 
condition. 

If the ultimate analysis only is reipiired without reference to how 
the elements are combined, the silicate may be at once decomposed by 
fusion with fusion mixture. 

In this case the alkalies must be tested for in a separate por- 
tion. 

Decomposition of Silicates by Fusion with Fusion Mixture. 

The silicate is first pulverised very finely in a steel or agate 
mortar, then intimately mixed with four or five times its weight of 
pure fusion mixture, and lieated in a platinum crucible as long as 
any CO^ is given off. The heating may require to be completed over 
a pow'erful blow^pipe. 

A platinum crucible can be employed with safety only when 
the absence of easily reducible and fusible metals has been estab- 
lished by a preliminary examination of the siliceous substance in the 
dry way. 

The silica is thus obtained in combination with the alkalies and 
dissolves in boiling water (TiO^ if present in the silicate is found in 
the residue insoluble in water on long boiling); while the bases (OaO, 
MgO, AljjOg, Fe^Og, &c.) are left as insoluble oxides or carbonates, 
and are separated by filtration. 

Residue insoluble in Water , — Dissolve in HOI and examine the 
solution for bases, except K and Na. 

Alkaline Solution , — Examine for acids, especially silicic acid, 

(N.B. TiOg if present will be found partly with the SiO^; most 
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of it, however, will be found in the portion insoluble in water, if the 
fused mass has been dissolved by long boiling.) 

Detection op the Alkalies in alt. Silicates. 

About 1 gram of the finely pulverised silicate is mixed with 
1 gram of pure powdered ammonium chloride and 8 grams of pure 
carbonate of lime. The ingredients are thoroughly mixed in a 
mortar and introduced into the platinum crucible, which is gently 
tapped and the contents shaken down tight. The crucible is loosely 
covered by the lid, and heated to a bright red heat for from 40 to 60 
minutes. 

The crucible is now allowed to cool, and when cold the contents 
will be found to be more or less agglomerated in the form of a semi- 
fused mass. A glass rod will generally detach the mass, which is 
then to be heated with about GO cc. of distilled water, when it may 
slake and crumble after the manner of lime. At the same time water 
is put into the crucible to slake out any small adhering particles, and 
this is added to the contents of the other vessel. 

By this treatment with water the excess of lime used is obtained 
as a hydrate, some of the lime is combined with the silica and other 
ingredients of the silicate in an insoluble form; and in solution there 
is the excess of chloride of calcium formed during the reaction, together 
with the alkalies present in the silicate. 

The contents of the vessel are filtered, the residue on the filter is 
well washed with distilled water, and the washings added to the main 
solution. The residue is neglected. 

Solution . — Precipitate the lime with a solution of pure (XH^) 3 C 03 , 
" filter and wash, evaporate the solution on the water-bath to about 
40 cc., when a little more (NH 4 ),C 03 and NH^OH should be added 
to precipitate the small amount of calcium that escapes precipitation 
before. Filter through a small filter, wash, and evaporate to dryness 
on a water-bath, preferably in a platinum dish. 

When dry, the dish is very gently heated by a Bunsen flame to 
drive oflf the ammonium chloride. Gradually increase the heat until 
a little below redness. 

Nothing now but the pure alkaline chlorides should remain. 

Test the residue in the usual way for potassium and sodium or 
lithium. 

This process may be followed as a quantitative one to obtain the 
collective alkalies from a silicate. 
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Examples how to Recm^d Wco'k, 

(A.) EXAMINATION OF A SIMPLE SALT. 

Preliminary Dry Examination. 

Substance given : white crystalline, readily soluble in water, 
reaction of solution alkaline. 


Date & 
Hour. 

Experiment. j 
1 

Observation. 

Inference. 


1 

Gently heated some i 
of powdered sub- ] 
stance in bulb 
tube. 

i Gave off water, then fused; 
was slightly blackened ; 
gave off CO, burning 
with a blue flame. Water 
in tube slightly acid . 

Oxalate, formate, 
or other organic 
acid salt. 



1 

i Residue. — Black, alkaline 
to vret litmus-pa})er and 
j effervesces with HCl. 

Organic salts of 
an alkali metal. 


Heated on charcoal. 

1 Burns partly, and sinks 
’ into charcoal, no solid 
: residue. 

i 


Heated on platinum 
wire. 

Violet flame. 

1 

Potassium. 


Examination of Solution for Base. 

As there is no solid residue on charcoal and no indication of a 
heavy metal in the residue in tube, and no sublimate, metals of 
Groups I., II., III., IV. can scarcely be present. 

Ignited about three grams of the salt on platinum foil, dissolved in HCl, 
added PtCl 4 , evaporated nearly to dryness, and added alcohol, crystalline 

precipitate. Presence of K. 


Preliminary Examination for Acid. 


Experiment. 


Heated with dilute HCl. 
Warmed with concen- 
trated HjSO^. 


Passed gases into lime- 
water in inverted test- 
tube in dish and ap- 
plied a light to the un- 
absorbed gas. 


Observation. 


No visible result , . . 

Gases, slightly combus- 
tible given off ; taper 
extinguished, slight 
blackening. 

White precipitate in 
lime-water; gas burnt 
with blue flame. 


Inference. 


CO.jj &c., absent. 


CO and COg probably 
from decomposition of 
oxalate or other or- 
ganic acids. 
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Examination of Solution for Acid. 

As neither HCl nor H2SO4 indicated presence of a mineral acid, acidulated 
with acetic acid and added CaCl,; an immediate white precipitate which 
dissolved in HCl. 

Presence of oxalic acid. Found ; metal K ; acid, 


(B.) EXAMINATION OF A MIXTURE. 

Preliminary Dry Examination. 

Compound given : a dirty white powder. 


Experiment. j Observation Inference. 

— i ■ ■■“ ■ 

Gently heated in a bulb Substance first fused, 
tube Then heavy white 

* fumes formed, which 
condensed in the upper 

part of the tube . . Probably compounds of 

NH3, Hg. As, &c. 

Heated stronger. Gave off reddish-brown 

fumes and a gas which 

supported combustion. Nitrates of heavy metals. 
The residue was yel- 
lowish whilst hot, dirty 

white on cooling • . Lead, tin, or bismuth 

probably present. 

Heated a portion of the Odour of NH^, litmus 
substance, mixed with blued, mirror and me- 

charcoal— soda-lime in tallic globules in tube. NHgand Hg compounds, 

tube. 

Heated on charcoal in the Substance gave off heavy 
blowpipe flame. fumes, and was partly 

reduced to the metallic 
state. The metal malle- 
able and marked paper ; 
incrustation yellow . Pb. 

Heated on platinum wire. Light-blue flame, fol- Pb, Sb, &c. 

lowed by a reddish- Ca. 
yellow colour. Wire 
seemed to melt . . . Pb, &c. 

Borax-head, Yellowish hot, but not Absence of Cu, Ni, Co, 

definite. 
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Examination* in* Solittion* for Bases. 

Substance dissolved j^rtly in water, partly in HCl with evolution of co 
On mixing the two solutions, acicular crystals fell out ; probably lead ^ 
chloride. Filtered off : boiled crystals with water and added K CrO 
Yellow Pp. Passed a current of SII..throuph filtrate from lead chloride 


A black pp. I Evaporated fdtrafe till free from SK., added a few drop;, of 
Group II. i lING, an<l evaporated to near drynes.v, added 1 cc. HCl and 

present. J then ammonium chloritle and ammonia. 


Xopp. Ab- 
sence of 
Fe.Cr.aud 
Al. 


Solution pa>>ed SH . 


Xo pp. Ab- ' To the ^ame .'^elution added (XH^).COj. 
sence 


Zn, 

Xi, 

Co. 


Mn. ' 

and A\vhitep]\ Solution. — Evaporatedto 
Group IV. dryness and i^uiited. 

pro'^ent. Xo residue. 

Ab.'=ence of Mg, K, Na. 


Examination of PuoTppr \ti: prioDrrr.o in Group II. 


Washed precipitate till free from HCl, eoid vAth {Xllj)_S. Hliered. 


Residue. — Boiled with HX(), onlv pania'ilv tli^^cjlved, . 
Mixed with OII_. and added ‘ddute H '-U , warmed' 
and filtered. 


Residue. — Boiled i; 
tate and liltered. 


Residue. — Dtied. 
ignited in a bulb 
tube, with dry 
X^COj^. Metallic 
mirror and 
bales. Presence 
of Hg. 


amnioniura acc- 


Solution. — Added | 
K/JrOj, yellow ' 
precipntate. Pre- : 
sence of Pb. | 


!><duiion. — S1I_. 
a«lded to a por- 
tion of solution 
gave no precipi- 
tate. Absence 
of Bi, Cu, Cd. I 
X^eglected re- j 
mainder. 


Solution.-* Acidu- 
lated with dilute 
HCl. Xo yellow 
precipitate. Ab- 
sence of As, Sb, 
and Sn, 
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Examination of Precipitate produced in Group IV. 


Dissolved precipitate in acetic acid and added KjCrO^ 


No pp. Absence 
of Ba. 

Solution. — Added ammonium sulphate, and allowed to 
stand for ten minutes. 


No pp. Absence 
of Sr. 

Solution. — Added ammonium oxalate. 
A white precipitate, Ca present. 


Preliminary Examination for Acids. 


Experiment. 

OBSERVA'IION. 

ISFEBEXCE. 

Treated with dilute HCl. 

' Effervescence, The gas 



precipitated lime-water. 

COj. 

Treated with concentrated 

Ci and nitrous fumes ; 

HCi and HNO,. 

H,SO,. 

bleaches litmus-paper ; 


test-tube not etched . 1 

Abs HF. 

Confirm HXOy by means 
of H.BO4 and FeSOp 

A brown ring formed . . i 

t 

HNO3. 


Examination of Solution for Acids. 


Dissolved in dilute I Dissolved in dilute 

HCl and filtered. | HXOg and filtered. 
1 


Added BaCl„ no pre- i Added AgXOg, white 
cipitate, H..SO, ab- curdy pp., soluble in 
sent. ' AmHO. Presence of 

i HCl. 

Thi^ was hardly likely ' Warmed original sub- 
as Pb was present in stance with MnOg and 
a soluble foriji. HoSOjyellowgas = CL 


Ammonium molybdate, no results ; abs P^Og. Moistened with strong HgSO 
and alcohol added and inflamed, no yellow-green flame : abs B^Og. 

Found — Bases : He:, Pb, Ca, NHg. 

Acids : COo. HKOg, HCl. 
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QUANTITATIVE EXERCISES. 

The main difference between quantitjxtive and qualitative work 
consists in the fact that in the former weighed quantities of material 
are operated upon, and the product, or products, are also xveighed. 
Otherwise it does not require much more apparatus than ordinary 
qualitative work. 

A balance of some degree of sensibility is, of course, a necessity. 
A very simple one will, however, do for many purposes at first. 
Besides this, a few porcelain crucibles, and perhaps a platinum 
crucible, are required. A few moderate-sized beaker-glasses, and a 
copper or iron drying-oven, with thermometer, are useful. 

Instruction in weighing is always better obtained practically 
than can possibly be given by written description, but with a little 
attention to one or two points satisfactory i-esults can be obtained. 

Gramme weights are most usually supplied to a balance, and the 
balances, as a rule, are sensitive to ’OOl of a gramme or less. For 
the purposes of these exercises one responding to '01 of a gramme 
wiU be enough. 

The weights, supplied in boxes, are genemlly arranged from 
50 grms. thus : — 50-20-10-10-5-2-1-1-1, and •5--2--l-'l-’05-'02 
-•Ol-'Ol, with some smaller, which are seldom used. If the balance- 
case be wide enough, which they seldom are, being made by rule of 
thumb for sale, the weights are best arranged on a piece of tile or 
paper inside the case ; they are then more easily accessible. 

The theory of the balance cannot be entered into here. 

When commencing to weigh, place first the substance on one 
pan; then commence by putting on the opposite pan the largest 
weight of the set. Slowly turn the handle, which generally relieves 
the balance-beam from its supports, and watch the direction of 
motion of the indicating needle on the scale in front. When it 
points in the direction of the pan on which are the xveights, it indi- 
cates that more are required. Then add the next gi'eater weight, 
bringing the balance to rest between each addition by turning up 
the beam supports. This must never be omitted. Never jump or 
guess at the weight, but always proceed by putting on in order from 
the greatest. As the correct weight is approached the balance will 
begin to swing slower. Do not wait until the beam comes to rest, but 
proceed by the addition or taking away of weights until the needle 
swings nearly an even distance on each side of the centre mark of 
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the scale. Let it ewing three or four times. It will probably on 
first turning the beam loose swing to 6 on one side, and swing past 
the centre to 8 or 10. If the beam is provided with a rider, now is 
the time to use it. Say the needle swings to 6 left, and recovers 
to 8 or 10 right, then more weight is wanted on the right side of 
beam. Place the rider on, this time beginning at the middle of 
beam, or the mark 5, and again swinging, move the rider to less or 



Fig. 25. 

more than 5, as the needle indicates. When it swings ne^ly evenly, 
turn up the beam to rest, and then carefully again liberate. It 
should be set swinging five or six degrees, and allowed to swing 
several times before arresting. If equilibrium has been obtained 
the swing will diminish regularly on each side of the centre. rmg 
to rest, and read ofi- the values of the weights from the empty spaces, 
either in the weight-box, or on the paper referred to as holding t em 
in the balance-case. Pick the weights from the pan, and repine 
them in order, seeing at the same time that they tally with tne 
weight recorded. 




SILVER AND SULPHUR. 




The order of the experiments here indicated may no doubt be 
altered with advantage under certain circumstances. They need not 
be followed strictly in this order, although it has been found to work 
well. ^ 

belative combining weights. 

Atomic and combining weights of the elements are in some cases 
identical values, as, for instance, with chlorine and hydrogen. With 
oxygen and hydrogen the atomic weights are as 10 to 1, and the 
combining, or equivalent weights, ;is S to 1. Few metallic sub- 
stances combine directly with hydrogen, whilst many combine most 
readily with oxygen or sulphur, or chlorine, or iodine, and these in 
turn combine easily with hydrogen, so that indirectly the com- 
bining weights may be obtained as compared to H as unity.* 

As easy pmctical examples, the combinations of copper, silver, 
lead, and iron with oxygen or sulphur or iodine may be taken first.* 


A. SILVER AND SULPHUR-— Carefully clean and 
weigh a small porcelain crucible with its lid. Place in the crucible 
about a square inch of silvei*. thin sheet or foil, or better, as granu- 
lated metal. The quantity need not exceed !**'» grin, and may be as 
little as "2 grm. Weigh the crucible with silver. The difterence in the 
two weights gives, of course, the weight of silver taken. Place the 
crucible on a triangle of tobacco-pipe stem, supported on a tripod or 
other arrangement, so that it can be heated to redness by a Bunsen 
flame. When nearly red hot lift the lid and ihop in a piece of roll 
sulphur ; replace the lid. The sulphur need not be weighed, but 
should be somewhat heavier than the silver taken. Continue heating 
strongly, until all fumes of sulphur cea?^e to come off*. Repeat the 
dose of sulphur and heating, then allow to cool, and weigh. The lid 
must be kept on the whole time, and until quite cold. The product 
should have fused to a black mass. It will be found to have in- 
creased in weight by the sulphur taken up. The increase should be 
in the proportion of lOS becoming 121, or los parts silver combine 
'with 1() of sulphur to form silver-sulphide, fiom which the formula 
is AggS. 

ACTLAL, EXAMPLE. 


Weight of porcelain crucible 

jy jy 7 , and silver • 


1 r>*or>7 ) 


After heating with sulphur 
Less cruciljle 
Sulphur taken up 


lo-Gus f 
15*244 j 


= 3G1 -32;3 


Silver 

Silver sulphide 
•364 
•041 


This is =12* 4 per cent, of contained sulphur. The formula AggS 
demands 12*9 per cent, sulphur. With this amount of sulphur uniting 
with silver the formula may be derived, thus ; 

^ Refer to the Table of Atomic Weights in performinor the calculations 
required for these experiments. o i & 



COPPER, LEAD AND SULPHUR. 


249 


1 0.7 

S % = *4 (nearly) = 1 

Ag% = -808 „ = 2 


32 and 108 are the atomic weights of sulphur and silver respec- 
tively, and dividing the percentage found by these values, gives the 
relative number of atoms of each in the compound. These are 
generally reduced to the smallest expression, unless some proof of 
the constitution of a compound is to be had. 

The above values come nearer on taking the more revised atomic 
weights given in Table on page 9. 

B. COPPER AND SULPHUR. — The corresponding 
experiment with copper is somewhat less easy. It is carried out 
in precisely the same way. 

Weigh out in the porcelain crucible, or even in a test-tube of 
good glass, one to two grms. of copper, either as fine wire or 
thinnish sheet, heat up to redness with the lid on, and then add 
sulphur and heat more strongly, still with the lid on, until the excess 
of sulphur has evaporated. Repeat the heating with sulphur and 
finally cool by allowing the unignited coal-gas to escape and flow 
around the crucible. Air must not come in contact with the copper 
sulphide until it is cooL The product should be a blue crystalline 
substance of the composition Cu^S in which 63 x 2 parts of copper 
are united with 32 of sulphur. Unless the heating be somewhat 
severe too much sulphur will be found, as a sulphide of the composi- 
tion OuS is first formed and then decomposed by a high tempera- 
ture. 


LEAD AND SULPHUR. — Actual example. Crucible 
was weighed, lead introduced and weighed again ; placed on tripod 
and heated, and sulphur added, the heating continued over the blow- 
pipe flame for 30'. Cooled and weighed again. 


1. Crucible . . . . • 23*4ol 

II. „ + lead 24-804 


lead - 

III. Final weight after heating with S — 

IV. Less crucible . . . • • = 


1*353 

25*022 

23*451 


Lead sulphide = 1*571 


This lead sulphide contains .*. 13*87 per cent, sulphur The 
formula PbS requires 13*38 per cent, sulphur and 80*62 lead. 

Taking the amounts found, *4335 S and = *4082 Pb, 


32 


or nearly atom to atom. 
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SILVER AND IODINE. 


O. COPPER AND OXYGEN*— If a supply of oxygen be 
to hand the copper sulphide in the experiment B can be converted 
into oxide by a direct action. For this purpose heat the crucible 
containing the Cu^S o\er a good flame with the lid oflT, and blow a 
gentle stream of oxygen gas from the cylinder on to the substance. 
It will glow brightly. Sulphur dioxide will be formed and escape as 
gas "and CuO remain in the crucible. The heating should be con- 
tinued for some time, 15' at least, and finished over the blowpipe 
flame, if possible, but with. the stream of oxygen gas the whole time. 

The operation is most satisfactory, however, if carried out in a 
muffle, as there is some danger of loss by blowing oxygen into the 
crucible unless the current of gas is very gentle. 

D. TIN may be treated with sulphur in a similar manner to 
copper (B). 

The product is SnS. It is somewhat more difficult to get exact 
figures, however, unless a good blow^pipe flame is available. The 
same applies to lead. 

If a “ muffle ” be available these sulphides may be converted into 
oxides in a short time, as w ith Cuji. 

E. SILVER, OR LEAD, AND IODINE. Weigdi out 
in a porcelain crucible 1*0 to 2 grms. silver, as thin sheet or foil, heat 
up nearly to redness and drop in crystals of iodine (the operation 
should be done under a draught). The silver should glow^ brightly 
w’hen uniting with the iodine and melt into a colourless liquid : add 
iodine once or twdce again to make sure that all the silver is com- 
bined ; cool and w’eigh. 

In this case air has little or no effect either when the iodide is 
hot or cold. 


Actual Example, 

Crucible ..... 22*1412 

Crucible -h Ag . , , . . 22*52SO 

.. Ag = 

After heating and adding iodine until j 

product melted into nearly colour- - 22’9775 

less mass . . . . ^ 

Less crucible ..... 22*1442 

= *84^44 Agl. 

LejsS silver •48;J8 

— Iodine *4495 taken up. 

The iodide formed contains .*. 4G*0(> per cent, iodine. 
Calculated for Agl 46*0 
Or Amount of Ag *388 8 \ 

Atomic wt. of Ag -10«- = 

Amount of I. -4495 j as possible, 

Atomic wt. of I, 127 — ) 



LEAD AND OXYGEN. 
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With lead it is b^t to add the iodine to the cold metal in the 
crucible after weighing, and then heat them up together. It will 
require also several repetitions of the iodine treatment. 103-5 parts 
of lead take up 127 iodine. With a very slight modification of appa- 
ratus chlorine may be employed instead of iodine, and the results 
with silver are even sharper than when iodine is used. It requires 
no more apparatus than a good chlorine generator. The metal can 
be heated in a crucible and the Cl gas led in with a small glass tube, 
taking care not to 'touch the red hot crucible with the tube. 

A bent tube, as in Fig. 20, allows of several chlorides being 



Fig. 26. ' 

made quantitatively, the tube being weighed first empty and dry, 
then with the metal and finally after chlorination.* 

F. If compressed oxygen be obtainable, the combining weights 
of several metals as regards that element may be determined by dix-ect 
combination. 

LEAD and' oxygen. — Clean and dry a piece of hard 
glass tube of about 6 inches in length, and then weigh it. Inseit 

* This form of tube serves to heat up a weighed amount of some metallic 
sulphide, as PbS or Ag„S, which is then heated in the slow cmrent of air 
caused in the tube by natural draught. In this case a certain amount Oi. 
sulphate is produced. The experiment should be done with^ ^lyer sulphide, 
which forms almost the theoretical amount of sulphate, and with lead sulphide 
which scarcely forms half the theoretical. 
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WATER IN SALTS. 


a small piece of pure lead about 2-0 grms. or less and weigh again. 
See that the lead is about one-third of the length of the tube from 
one end. The tube need not be bent for infusible metals as copper. 
Hold the tube in a clftmp on the retort-stand, and heat carefully 
until fully melted. Now direct a gentle current of oxygen by a 
tube attached to the oxygen cylinder into the tube. At the same 
time heat up as strongly as possible. The lead will bum, and form 
PbO, which fuses and melts a depression in the wall of the tube. A 
little lead generally remains unacted upon. Weigh the tube again, 
break up and extract the small globule of lead, which weigh separately, 
and deduct its weight from that of the lead originally taken. With 
ordinary care the results come very close to those theoretically 
required for PbO — that is, 207 lead to 10 oxygen. 

EXAMPLES OF DISPLACEMENT, OR EXPULSION OF ONE ELEMENT, 

OR GROUP OF ELEMENTS, BY ANOTHER, OR BY HEATING. 

This is a very commonly occurring method of chemical action. 
One of these^has been already indicated — the replacement of sulphur 
by oxygen. 

Many crystalline salts contain water. This water is in many 
cases expelled by heating the salt to, or a little above, the boiling 
point of water. Sometimes a red heat i^ neces>ary to expel the whole 
of the water. This high temperature can, how’ever, only be applied 
in some cases where no further decomposition takes place excepting 
the crystal water. As an example of this, sodium phosphate, or borax 
(B^OyNag + 12HgO), or sodium sulphate may be taken. Weigh about 
•a to 2*0 grms. of the salt in a small dish ’or crucible, heat for some 
time in a hot-air oven, and finally over the blow-pipe to complete 
fusion. Care must be taken during the heating that the substance 
does not spirt. The first pai‘t of the drying should always be done 
in the hot-water or steam oven. The dish and substance is then 
placed in a desiccator to cool before weighing. The heating must 
be repeated until the weight finally becomes constant. 

It will be found an advantage if the student prepares for himself 
a number of salts with water of crystallisation, or constitution as it 
is termed in some cases, and determines this water by heating up to 
different temperatures in an air-bath. 

Actual Example. 

Copper sulphate,^ crystallised. 

Crucible la *4 7 75 

Crucible + salt 1S*8(;71) 

Salt taken 

Heated for one hour at 100 C . , 1 7 -8800 

•1)871) loss. 

- 29-lG% loss at 100°. 

The copper sulphate taken for this example should be purified by 
several crystallisations. See crystal) isation of lead nitrate, and copper 
sulphate under those metals, ante. 
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CO, IN CARBONATES. 

Heated again in air bath to a little above 200° = 17G397 

17-8800 

Loss at 200 ^ = -2403 

5 = 7-37 per cent. 

Total loss = 36-53 

Calculated for CuSO^, 5H,0. 

Total water = 30-13 per cent. 

Nitrates, chlorates, carbonates, and other salts, when heated to 
a moderately high temperature alone, undergo decomposition, of a 
more or less complex nature. In some cases it is, however, -within 
certain ranges of temperature, qiiite sharp and definite, admitting of 
employment as an exercise. 

POTASSIUM CHLORATE when heated loses all its 
oxygen, becoming KCl. 

As a quantitative experiment this can be performed in a weighed 
test tube if only a small quantity of the salt be taken, say *2 to -5 
gi^m. Weigh the clean dry test-tube, introduce the dry salt in fine 
powder, weigh again. Then heat very gently until the whole of the 
salt IS melted ; keep melted for some time, very gradually increasing 
the temperature so that the oxygen does not come off too rapidly. 
The tube is best inclined, or a watch-glass placed with convex side 
down, on the tube. With a little care there will be no loss from 
spirting. Weigh immediately after cooling in a desiccator, as the KCl 
absorbs moisture somewhat rapidly. 

CALCIUM CARBONATE (CaC 03 ).— Weigh out in a 
platinum or porcelain crucible about ’o to 1*0 grm. pure Iceland or 
calc spar. Heat over the blowpipe as strongly as possible for 30'. 
Cool, and weigh again. Repeat the heating and weighing until a 
constant weight is obJ:ained. 

The loss in weight should be close upon 41 per cent. 

For CaC 03 = CaO 4- CO^. 

100 oO 44. 

A little pure cane sugar, which need not be weighed, placed in 
the crucible, assists in liberation of the CO^. The crucible must,^ 
however, be left partly open, to burn oft* any carbon from the sugar. 

Alkaline carbonates heated alone do not give oft’ the Avhole of the 
COg, but when heated with acids, or acid salts, the CO^ is expelled. 

SODIUM ‘or potassium CARBONATE ; and 

an acid salt. — Weigh about “5 grm. of dried sodium carbonate into 
a moderate “sized crucible. Cover it with at least five times as 
much potassium dichromate that has been melted, and then pounded 
up finely. Weigh again. The dift’erence gives amount of sodium 
carbonate and potassium dichromate. jS^ow heat gently over a Bunsen 
burner until the whole is in quiet fusion. Continue the heating for 
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EXPELLED BY SiO,. 


fully 20 minutes ; cool and weigh. Heat again for a few minutes 
carefully over the blowpipe. The weight should be constant. 

The reaction taking place, if the temperature has not been too 


high, is — 


K,Cr,0, + Na,C 03 = CO, + 


(Na,OrO,. 

iKjCrO,. 


Silica, SiO,,may beused for this exjieriment instead of dichromate 
if it can be obtained as precipitated silica. 

The process is then similar — ^viz., weigh the crucible and SiO, 
taking a considerable excess of SiO,. Then add and weigh about 
•5 grm. of the carbonate ; mix carefully by means of a platinum wire 
in the crucible, place on the lid and heat, gently at first, finally over 
the blowpipe flame as high as possible for 20' ; the loss of weight 
should be CO, only, according to the equation : 

K,C03 + SiO, = K,Si03 + CO,. 

If a muffle heated by gas is to be had it is far easier and better for 
some of these exercises than heating with the blow-pipe flame. 
Nitrates when heated alone are either decomposed into oxid.es of 
nitrogen and a metallic oxide or in some cases free nitrogen and 
oxygen are given off. 

When heated with sulphuric acid sulphates are formed and with 
silica silicates. 

The alkaline niti*ates are easiest to work with as examples ^vith 
silica. Weigh out in a porcelain or platinum crucible about 5 grms. 
of fine sand (as with the carbonates), then mix with this, by means 
of a wire, about '5 grm. of potassium nitrate, weigh and then heat 
in the covered crucible very carefully to redness. Keep red-hot foi- 
ls' or 20', and then heat a little stronger over the blow-pipe for a few 
minutes only. The loss should be the N and O only according to 
the equation : 

4(KN03) + 2SiO, = 2 K,Si 03 + 2N, -t- 50,. 


ACTUAL EXAMPLE. 

Potassium nitrate and silica : 

Crucible and Sand, SiO, .... 31-4362 

„ + KNO 3 32-3534 

Nitrate taken 0-9172 ' 

Weight after heating . . 31-H615 

Loss -4919 

Percentage loss = 53-52 = all the nitrogen and five-sixths of the 
oxygen. 

For the equation above the loss should be 53-46 per cent. 
Nitiates, carbonates, haloid salts, &c., are all decomposed easily 
by strong hot sulphuric acid, and as sulphates are very stable bodies 
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EXPULSIONS BY H,SO,. 

2? A 

against a high temperature, as a rule, many examples of displace- 
ment may be performed. They require, however, somewhat more 
care with sulphuric acid than with SiO^ and similar non-volatile 
acids, as 

CHLiORINE in common salt, IODINE in potassium'iodide, 
or in nitre, can all be ei^pellod by heating with strong h'sO^ in 
slight excess. Similarly with a large number of salts of other" metals 
besides these mention^. — 

A platinum crucible is most 
convenient for this, but 
with care it may be per- 
formed equally well in an 
ordinary porcelain one. 

Weigh a crucible, place in 
it a smaH quantity of the 
salt, weigh again ; if the 
quantity taken is more than 
1 grm. throw some out, if 
under *5 a little more may 
be taken. After one or two 
trials the amount taken 
will approximate to 1 grm. ; Fig. 27. 

arrange the crucible on a 

triangle that it forms almost a right angle with the perpendicular (see 
Fig. 27), and wedge the lid edgewise in the opening. Drop gently 
not more than ten drops of concentrated sulphuric acid into the 
crncible, wait until the effervesence has almost ceased, then place 
a very small flame under the protruding part of lid, so that a 
draught of heated gases flows over the contents of the crucible. 
The evaporation of the excess of sulphuric and of the volatile acid 
liberated takes place gradually and without spirting. When the 
contents of crucible appear quite dry turn up a larger flame, and 
finally heat strongly to redness. It is generally necessary and always 
advisable to add an additional quantity of the H^SO^, and treat as 
before, in order tc be sure that all is converted into the sulphate. 

The reaction with common salt is — 

2NaCl 4 H.SO, = Na,SO, + 2HC1. 

117 98 142 78. 

The others are similar. 



ACTUAL EXAMPLE. 

Potassium in potassium iodide, K.I, by heating with H^SO^. 
Crucible 79*8000 

Crucible 4 - K1 80*^864 


KI taken 

After heating with H^SO^ 


•9864 
= 80*3184 
Less crucible 79*8000 




056 PRECIPITATIONS FROM SOLUTION. 

Now the molecular weight of 174, and contains = 78. 

Therefore -5184 of the salt will contain *2323 K. 

2;V55 % of K contained in the potassium iodide. 
The formula KI requires 23-49. 


In case the salt contains water of crystallisation it is better 
sometimes to drive this oft’ before treating with but in most 

cases it does not interfere at all. 

All sulphates will not staml so high a temperature as potassium 
or sodium sulphates, but very few are decomposed at the temperature 
at which sulphuric acid is completely volatilised. 

Precipitations from Solution. — When one substance is precipi- 
tated from a solution by another, several additional operations are 
necessary before it can be weighed. One of the simplest examples is 
the precipitation of a metal, as oxide, or hydrate, or carbonate, and 
final conversion of this by heating into pure or anhydrous oxide of 
definite composition. Oxides are generally (see ante) bodies capable 
of withstanding a high temperature without change, and the advan- 
tages of this are that they may be obtained absolutely free from 
moisture, and that any volatile matters, which may by accident be 
present, are driven olT <luiing the heating. Almost any metallic salt 
will do for this purpose. 


LEAD. — Almost any soluble salt of lead will do. The nitrate has 
some advantages over others. Twenij" or grins, of the salt should 
be dissolved in a small quantity of boiling water to which one drop of 
HNOg has been added. The solution is then to be cooled rapidly 
and stirred vigorously all the time. Small crystals Avill form. The 
water is drained away and the crystals placed between several 
thicknesses of good filter paper and rc?-?/ ijentbj pressed. The papers 
are to be renewed as long as any moi>*ture is evidently taken up. 
The crystals may then be dried in a steam oven, and finely powdered 
before using. If commercial pure lead' nitiate be used once crystal- 
lising will be sufficient. If not of known origin tlie crystallising must 
be repeated several times until it is pure. (See Qualitative Tests.) 

Weigh from a small tube or bottle a gramme or two, not more, 
of the salt. This is best done by having a little tube — a small 
test-tube will do with clean good-fitting cork — in whicli u to lU grms. 
of the dried salt are contained. W^eigh this tube with its contents. 
Take from the balance, remove the cork wnth the left hand and 
shake a small quantity of the salt carefully into a beaker glass. 
See that the quantity shaken out does enter the beaker. Hold 
the tube and cork over the open beaker whiLst inserting the latter 
again. A\ eigh ; the difference gives the amount taken. It should 
not be much more or less than 1 grm. To the salt in the beaker 
add one drop of nitric acid and then warm water — about 50 cc. 
Heat to boiling and then add slight excess of ammonium carbonate. 
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WASHING AND BURNING PRECIPITATE. 

Excess means here, as usual, that a few drops added to the filtrate or 
the clear supernatant fluid produce no further effect. Keep warm, 
but not exactly boiling, for a few minutes, during which a filter 
paper (either plain or folded) is got ready — viz., placed in the funnel 
and wetted with hot water. 

The folded or .plaited filter papers may be employed for this 
work, as with care they filter more rapidly than the ordinary method 
of folding and with equal certainty of securing the whole of the pre- 
cipitate on the paper. 

The precipitate of lead carbonate will settle somewhat rapidly ; 
pour off the liquid above the precipitate into the filter. To do this 
properly and safely, because all must go through, requires that the 
liquid should be poured from the beaker down a glass rod which 
should be held in the left hand with one end over and well towards 
but not touching the centre of the paper funnel or cone, and inclined 
at an angle : see Fig. 29, p. 264. 

Every visible particle of the precipitate must be detached from 
the beaker and washed by a fine jet of water, from the wash-bottle, 
into the filter. The precipitate must then be washed by pouring hot 
water six or seven times over the precipitate and allowing to drain 
away between each addition. It is scarcely necessary to say that the 
filtrates must in all cases be absolute! f/ crystal clear and all the 
precipitate be retained by the paper. 

The test for complete ^vashing is when a few drops of the wash- 
water give no appreciable residue when evaporated on a piece of 
glass, or porcelain dish. 

The precipitate may now’ be dried by placing the glass funnel and 
filter in a drying oven, or in a dry clean place if time be no object. 

The drying w’ill be much facilitated if it be finally w’ashed twice 
with warm methylated spirit. If the w’ashing has been complete, 
the precipitate will detach almost completely from the paper when 
dried. Weigh a porcelain crucible during the drying of the precipi- 
tate. Spread a piece of clean w’riting-paper ; on this place the 
weighed crucible ; detach, by gently rubbing the paper together, the 
precipitate from the paper, dropping it into the crucible. Sweep 
any particles falling on the w ri ting-paper into the crucible with a 
small dry cameFs-hair brush, or a quill feather. This needs care, 
and nothing else should be thought about w’hilst doing this, as all the 
particles from the paper must come into the crucible. 

The paper, from which nearly all the precipitate has been removed, 
must now be burnt in such a manner that all the ash, and anyadher- 
ing precipitate falls also into the crucible. Have the paper folded 
so as to form a senlioircle, and double of course ; then fold up into a 
Jjitrip about a centimetre, or i inch, w’ide ; now start at one end, and 
roll up tightly into a coil, and fold a piece of platinum wire several 
times around. 

Hold over the crucible, or better, invert the lid over the crucible, 
and hold the paper over this, and start burning by brining a Bunsen 
flame to it as it is held. The paper will burn first with flame, and 
then smoulder until all the black carbon is consumed, \and a greyish ash 
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BURNING FILTER PAPER. 


remains, of the same shape, but much smaller than the original roll of 
paper. (See Fig. 28.) At this stage it should be dropped into the 
crucible itself. For ordinary accurate analyses, the amount of ash 
given by any sample of filtering paper must be ascertained. In the 
example it was neglected, and the effect is visible in the bad result. 

The crucible, now containing the precipitate and what adhered to 
the paper, and the paper ash, is placed on the pipe-clay triangle and 
heated with the Bunsen flame to redness. It may even be heated for 



Fig. -2s. 


a few minutes over the blowpipe, but this is not absolutely necessary, 
or in the case of lead oxide advisable. Allow to cool, and weigh. It 
consists of lead oxide PbO. 

For this exercise it is, perhaps, better to commence with pure 
metallic lead instead of a lead salt, and the same remark applies, of 
course, to some other metals besides lead. Actual example : 

Assay lead and watch glass = 32*5(50, 

Glass alone . = 31*320 ; lead taken, 1 *240, 

dissolved in hot dilute nitric acid, precipitated with ammonium car- 
bonate, with a little ammonia, as above detailed. 

Porcelain crucible . . 21 *030, 

Crucible and precipitate, 22*968'; gives 1*338 as lead oxide. 


course, 0*098 of oxygen, so the percentage is 7*3^ 
whilst for PbO the calculated is 7*175 oxygen. 
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The formula may be derived aa in a previous example ; 


Oxygen = 7*32 
IG 


•457 or nearly 1 


1 


Lead 


92*68 
207 ~ 


•447. 


Lead is most generally precipitated as sulphate when any other 
metals are present which form soluble sulphates. 

Weigh from -3 to not much more than *6 grm, lead nitrate, or a 
corresponding amount of metal, dissolve in as small a quantity of hot 
water as possible (20 to 25 cc.). Keep warm, and add normal H^SO^ 
in slight excess, (PbSO^ dissolves in very strong and in very dilute 
H 3 SO 4 , but is almost insoluble in acid of normal strength.) Then add 
about the same volume of alcohol. Allow to stand for some hours 
in a warm place, cov^ered of course, and then pour the clear liquid 
through the filter, afterwards washing the PbSO^ on to the paper with 
alcohol from a small wash-bottle and fine jet. The precipitate must 
be washed with alcohol until no acid reaction is given by the filtrate. 
The funnel and precipitate is placed in drying oven. Weigh a porce- 
lain crucible ; detach the dry sulphate from the paper into crucible, 
roll up and burn the paper thoroughly in the wire, drop the ash into 
the crucible, and ignite gently either over the flame or for a short 
time in the muflSe. Cool and w eigh, and then moisten with one drop 
of HgSO^ (strong), and replace in mufiie. Cool and weigh again. 

303 parts PbSO^ contain 207 of lead. 


Ash in Filtek Papers. 

The mineral matters in ash of filter papers is an almost constant 
quantity, and is generally ascertained once for all when commencing 
to use filter paper for quantitative purposes. 

The best plan is to take several — half a dozen — filter papers, 
place them in a weighed crucible, either porcelain or platinum ; put 
on the lid, and heat up until combustible gases escape. When the 
gases cease to escape and burn, but not before, take ofl: the lid, and 
allow to smoulder away with the flame under until every visible 
particle of charcoal has disappeared. Close, cool, and weigh. 
Divide the weight found by the number of filtei’s taken, which gives 
the weight (nearly) of one filter. This weight is deducted from that 
of any precipitate which has been burnt wdth a filter paper. 

Example ; Platinum crucible and five filter papers : 

Crucible . . . 20*1635 

Crucible and ash . . 20*1672 

•0037/5 

gives *0007 as the ash in a No. 0 Swedish paper. This is a small 
pa^r. The ash of the usual size to fill a 3-inch diameter funnel 
weighs about -0046. 

Had this amount, *0046, been deducted from the weight of lead 
oxide, above, the result would be better. , 

In some cases, as, for instance, copper, nickel, cobalt, and zinc,. 
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COPPER AND ZINC AS OXIDES. 


ammonia salts, or ammonium hydrate, cannot be employed as pve- 
cipitants. They form soluble compounds with the metals (see 
these metals, ante). It is even necessary in the cases mentioned to 
remove all ammonia ^ts, and precipitate with sodium or potassium 
hydrate or carbonate. The carbonates are more generally applicable 
than the hydrates; zinc and aluminic hydrates dissolving, for 
instance, in sodic or potassic hydrates. 

COPPER. — As an example of a hydrate precipitation copper 
sulphate may be taken.* 

(Actual example, part of complete analysi.s ; see water in same.) 

Weighing bottle + copper .sulphate = J50O818 

- 28-(;70S 


9 ? •*> 

Amount of salt taken 




Dissolved in hot water in beaker (150 cc.), heated nearly to boiling 
and added, in very slight excess and gradually, potassium hydrate 
solution. (The KHO is added in ccs. at a time and the precipitate 
allowed to settle before adding another cc. It must be kept nearly at 
100° during the precipitation and filtration.) Boiled for 10', allowed 
black precipitate to settle and filtered through folded filter paper. 
Washed until wash-water no longer gave an alkaline reaction to red 
litmus paper. t Dried precipitate, in funnel, in oven. Detached 
from paper ; burnt paper and heated crucible, with precipitate, and 
ash in the muffle for 


Porcelain crucible -4- 

CuO and ash = 1 

5-9 1 57 

99 J9 

= ] 

5- ISOM 


ash = 

•0(45 


CuO = 

•4:]09 

CuO Cu 

CuO 

Cu 

79 : (;:'5 

:: •45(»9 ; 

•2715 

•2715 X lOU 

= 2.5-2(‘. ;:Cu. 


i-dolo 


The calculated amount in CuSO^ 

= 25-MM 


zmc is, when possible, precipitated from solutions not contain- 
ing ammonia, by sodium carbonate as a basic zinc carbonate, which 

^ As in the case of the lead nitrate, it is no use taking a salt for exercise 
the purity of which is doubtful. Copper sulphate is easily purified by 
recrystallisation, after the same manner as the lead nitrate. As traces of 
iron are not so easy to get rid of, the process of solution and crystallising 
should be repeated at least three times, commencing with 40 or 50 grams of 
the pure commercial salt. When pressing between filter papers do not rub. 
The crystals must be obtained dry by this means only. They are liable to 
lose some crystal water on exposure in a warm place, and must not be placed 
in a desiccator. 

*1* Too much washing can scarcely be given in any case. Small quantities 
of hot water several times repeated is more effective than one large dose. 
There is no object, however, in continuing the washing after the precipitant 
has been completely removed. 
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is subsequently converted into oxide ZnO, by ignition either in a 
muffle (best) or over a blow-pipe. 

Zinc sulphate, or pure metallic zinc, may be taken as an exercise. 
The sulphate must be carefully crystallised from hot water and dried 
between paper, as it contains water of crystallisation. Commercial 
zinc is so impure as to be misleading for an exercise. 

Zinc has frequently to be separated from other metals which would be 
precipitated by an alkaline carbonate. In these cases the zinc can be 
frequently thrown down ^ sulphide by an alkaline sulphide, and this sulphide, 
after washing, dissolved in HNO3 or HCl -r KCIO^, and then converted into 
oxide as above. In other cases ammonia will separate zinc from other metals, 
Fe, Al, Cr, in the presence of ammonia salts, moderately completely. The 
filtrates containing the zinc and ammonia have then to be evaporated and 
ignited to destroy all the ammonia salts. 

Take about 1 grm. of zinc sulphate, dissolve in 250 cc. hot water, 
add Na^COj in slight excess, boil for some minutes until on removing 
the lamp the precipitate settles down moderately quickly, filter and 
wash well until the washings are neutral to litmus, A final washing 
with alcohol facilitates drying — place in oven to dry and treat as 
with the CuO. 

In some' cases where a metallic oxide is not reduced by the carbon of 
the filter paper, the precipitate may be placed icet in the weighed crucible, 
either porcelain or platinum, and this introduced at once into the hot muffle 
or heated over a good blowpipe flame. The moisture then assumes ttie 
bpheroidal state, and evaporates without spirting. This treatment saves much 
time and several mechanical operations. 

After ignition the zinc is left as ZnO from the basic carbonate ; 
the sulphide also after long ignition in air becomes ZnO. The 
sulphate requires heating very strongly over the blowpipe before 
complete conversion into the oxide takes place. 

Nickel, cobalt, and manganese salts maybe treated almost exactly 
like the zinc salt. Suitable salts to prepare are the sulphates, as 
NiSOpIvSOj which crystallises well. CoSO^ and MnSO^ do not 
crystallise quite so well. 

They may be precipitated as carbonates by NagCO^ and ignited 
to oxides. In the case of Ni and Co ammonium salts must be 
absent. With manganese it has no effect. Ammonium carbonate can 
be used to precipitate Mn with advantage over alkaline carbonates 
which are difficult to wash away from the Mn precipitate. After 
ignition the manganese is left as Mn^O^, whilst nickel and cobalt are 
NiO and CoO respectively. 

Aluminium and chromium are best precipitated by ammonium 
hydrate. Alkaline hydrates and carbonates should, if possible, be 
absent from the solutions, as if present in large quantity they prevent 
the precipitation owing to the formation of soluble alkaline com- 
pounds, and when in small quantity, some of the alkali is carried 
down by the Al 2 (HO)g or Crg(IIO)g and is almost impossible to wash 
away. 

AI.UMINIITM. — The alums, potassium, or ammonium 
aluminium sulphates are the best salts to exercise on. They 
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should be recrystallised from hot water, as with previous examples, 
and also dried only between filter papers, as they contain much 
crystal water. 

As aluminium is very light, about 2 grms, of the salt should be 
taken, the solution heated to boiling and ammonium hydrate added 
in excess, the boiling continued a few minutes and the filtration 
conducted as hot as possible. Wash with hot \vater until wash- 
water is almost neutral, finally with alcohol. Introduce paper and 
precipitate, wet, into a platinum crucible and ignite direct either 
over blow^pipe or in a muflle. The product is AljjOg. 

Chromium, as sulphate or other salt, chromalum, may be treated 
in a precisely similar manner, (See Chromate 11 eduction.) 

Oxidations or Reductions. 

In a good many oases before the actual precipitation of a substance 
in a weighable form can be done, some operation, as ‘‘ oxidation,” has 
to be performed, and in others again a low'er state of oxidation is 
more convenient for gravimetric w’ork, so that a “reduction” is 
necessary. 

Ferrous salts give good instances where oxidation is necessary, as 
few complete precipitants of ferrou.'> iron are kiiowui. 'J'his is the 
case for other elements as tin, sulphur, phosphorus, silicon, ikc. 

Iron is generally precipitated as ferric* hycliate. and this converted 
into FegO^ by intense ignition. 

As an exercise, either metallic iron may be taken or ferrous 
ammonium sulphate. In either case oxidation is necessary befoi*e 
precipitation. 

Ferrous ammonium sulphate, FeSO^(NlI^) ,SO ^(111,0, is an excellent 
example for exercise. It contains, wdien pure, exactly one- seventh 
of its weight of iron, 31)2 5 (> — 7. 

The salt is made by mixing ordinary ferrous sulphate with an 
equivalent of ammonium sulpliate, and dissolving in boiling water 
containing a very little sulphuric acid. The concentrated solution 
should be cooled rapidly by placing the vessel in cold water, and 
shaking or stirring vigorou.sly as before described. The crystals 
then formed are very small, and ma}'^ be drained very completely 
from the liquid by placing in a glass funnel, the apex of which is 
lightly plugged with asbestos, or even cotton wool. 

This should be recrystallised from hot water, and similarly treated 
whilst cooling. The crystals are finally dried by placing between 
several layers of blotting-paper. 

Take about 1 grm. of the salt for analysis; place in beaker direct 
from the weighing-bottle ; add 20—2.3 cc. dilute sulphuric acid ; warm 
gently, and then drop in carefully 5 cc. strong nitric acid. A rather 
violent action may take place, wdth evolution of nitrogen oxides. 
Heat to boiling point for a few’^ minutes until all gases have escaped, 
and add, carefully, ammonia in considerable excess. Allow to boil 
for 5', and then filter. Wash the precipitate, which should be bright 
red, with hot w'ater, and get it well into the apex of the filter^ until 
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the wash-water gives no further reaction for ammonia, or ceases to 
leave a residue when a drop is evaporated on a glass plate. 

Dry the precipitate in the oven ; it will contract and detach itself 
from the paper if washed properly. Place in crucible, either porce- 
lain or platinum, fold up and burn the paper, dropping the ash on to 
precipitate and crucible, and ignite strongly with the blow-pipe. If 
made really very hot for some time (20') it will become FogO^. This 
precipitate may also be placed damp into a crucible, preferably of 
porcelain and ignited directly in the muffle. 

If only just heated to redness it will be Fe^Oj, which requires a 
really very high temperature for conversion into FCgO^. 

This method of treatment does not separate iron from A1 or Or, 
but to a great extent from Ni or Co and Zn, if they are not in very 
large amount. From Mn it is only a poor method of separation, 
unless repeated many times. 

Sulphur is mostly converted into sulphuric acid and this again 
into barium sulphate, BaSO^, whenever sulphur has to be estimated 
quantitatively as well as recognised qualitatively. 

Barium sulphate has several properties which recommend it for 
this purpose. It is heavy, extremely insoluble in all solvents, easily 
washed free from adhering bodies, and may be heated to a very high 
temperature. As an exercise take any one of the sulphides made 
from the metals (see ante^ Metals), say the copper sulphide,* pound 
it up finely and weigh out about one grm. as previously described, 
and put in a flask or a beaker glass wdth a cover; pour over it 
10 cc. water, and then the same volume of strong nitric acid, and 
add one oi* two crystals of potassium chlorate, KCIO3. Heat gently 
until all visible action has ceased, and a clear bright green solution 
results. Dilute with hot water so that the total bulk does not 
much exceed 200 cc., heat to boiling, and then add barium chloride 
solution gradually, until no more white precipitate forms. Keep 
boiling oi* nearly so for 15', when the precipitate will have 
settled. In the meanwhile prepare a filter paper by folding and 
fitting it well in the funnel and wetting it with hot water. Now 
pour the clear and hot liquid above the precipitate of BaSO^ 
carefully through the filter and finally wash out the precipitate 
thoroughly by means of the fine jet of the wash-bottle from the 
beaker or flask, so as to obtain every visible particle on to the 
paper, and leave the beaker quite clean inside. In case of any 
precipitate adhering to the beaker a glass rod with a piece of tight 
fitting black rubber tube, about one inch long, at one end should be 
made. With this the sides of the beaker can be thoroughly rubbed 
down so as to loosen all the precipitate. Pour hot water five or six 
times through the filter, permitting to drain, but not get dry, 
between each washing. Finally wash twice wdth methylated spirit, 

* Gunpowder is an excellent material to try this method on and gives good 
results with most moderate care. A sample of gunpowder should be powderea 
up, and the mean results of several students* work taken as the standard, tor 
as it is a mixture every sample will vary in composition. 
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which takes the water from the paper, and precipitate ; allow to dry 
in the air; lift carefully by the top edges from the glass funnel, 
place in a crucible, either platinum or porcelain, and heat directhj 
over a yood Bunsen, or in a muffle, until the residue is perfectly 
white. The hotter fhe flame the better, as the moisture in the 
precipitate and paper will then assume the sphei'oidal state, and 
evaporate quietly. The lid must not be on at this time of heating, 



but should always be weighed with the crucible, and must be put on 
before the crucible is carried from tlie heating operation to the 
balance. The paper will burn away’ completely, leaving the ash with 
the precipitate.* 

This method is applicable to gunpowder, and other mixtures con- 
taining sulphur, and to most metallic sulphides or sulphites. ith 


*1, when EaSO^ is heated in this way with the organic matter of 

the hlter a small quantity of sulphide, BaS, is formed. This will oxidise ou 
long heating in the muffle, but it is best under all circumstances after the 
preci^tate has been burnt to whiteness to remove from the flame, or muffle, 
tho f strong H„SO<, replace in the muffle, or heat over 

riann-o -f aguiu red hot. If done in a platinum crucible there is no 

JSon “ spirting. A porcelain crucible is not advised for this 
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sulphates the procep is precisely the same, but, of course, the pre- 
liminary oxidation is unnecessarj^. 

Example (actual ; part of complete analysis of copper sulphate) : 

Bottle and copper sulphate . 23*5020 | Barium sulphate and ) 

«• ** • 21 *4930 I ash and crucible / 

Copper sulphate . . =2 *U090 Crucible . 

Ash , . , 

I 

With the exception of the treatment by nitric acid, all the opera- 
tions were performed as above described. 

As 233 BaS04 = 32 S 1*8797 contain ‘2581 S. 

**^581 X 100 

— = 12*85 S per cent. The formula 0080^.511,0 

demands 12*83 per cent., or as 803 = 38*53 per cent. 


= 21*4934 

= 19*6107 
= *0030 

1 *8797 


TIN. — Very few salts of tin are known excepting the halogen 
salts and double salts with alkaline haloids. Tin, antimony and 
arsenic are oxidised by strong niti*ic acid without nitrates being 
formed. Arsenic and antimony form acids and tin gives a compli- 
cated hydrated oxide, probably 8n30.(H0)j^,. It is quite insoluble in 
water and IINO3, and on ignition becomes SnO,. 

The metal or some definite alloy (bronze coinage) should be used 
as exercise. Not more than 1 grm. of the metal and not more 
than 3 grms. of a bronze coin need be taken. It should be in filings 
or clippings. Clean, dry, weigh and place in flask of about 50i> cc., 
pour on 5 to 20 cc. strong nitric acid through a small funnel placed 
loosely in the neck of flask, then an equal bulk of warm water. A 
violent action wdll general Ij’' commence. The funnel is to prevent any 
spirting of liquid from the opening of the flask. When all metal 
has dissolved, dilute with about 50 to 100 cc. hot water. Boil for 
5', and then filter. Wash the white precipitate, after the acid has 
drained away, with hot water, until all soluble salts are removed, 
te^sting by evaporating a drop on a plate. 

The precipitate may be dried, detached from paper and ignited in 
a porcelain crucible as with CuO, and, or simpler, placed, moist, after 
draining for a short time, into a porcelain crucible, and heated at 
once either in the muffle or over the blowpipe. The crucible must 
htot be covered if the ignition be done this way, but the lid must be 
weighed with the crucible and put on after ignition. The product 
after ignition is SnO.,. It should be quite white. In the case of a 
bronze coin considerable pains must be taken in the washing, as 
copper and lead are liable to be retained. 


Gr,0,. 


CHROMIT7M compounds may be either chromates or salts of 


Chromates are generally red uced to chromium salts and the oxide 
precipitated from these as Cr,(IIO)g. 

As an example take potassium bichromate, K^CrjOy. 
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Twenty or 30 grains of the salt should be purified by recrystaU 
lising from hot water (as described under previous salts). It is not 
very soluble in cold water, and can be very easily obtained in a state 
of great purity. The crystals from water are anhydrous, but liable 
to enclose water mechanically. The recrystallised salt must be just 
melted in a dish or crucible. 

On cooling it breaks up into small crystals. Put these in the 
weighing-tube or bottle ; weigh and then shake out a small quantity 
into a oOO cc. beaker, weigh bottle again. Not more than *5 grm. 
need be taken, and certainly not more than 1 grm. 

Dissolve in hot water, add o cc. strong IICl, heat nearly to 
boiling, and add 2 to 3 cc. absolute alcohol, cover the beaker with a 
clock glass and allow to boil. The colour will change from orange 
to green, and a strong odour of aldehyde will be noticed. The 
reduction should be complete after the odour of aldehyde has 
ceased. 

Add slowly a few ccs. strong ammonia, keeping up the heating. 
A grey green precipitate should form. Filter as hot as possible and 
wash very thoroughly with hot water. It is an advantage if this 
operation of precipitation and filtration he done quickly, as chrom- 
ammonias are liable to form on long exposure to air. This will be 
seen by the filtrate becoming purple. It should be perfectly colour- 
less. It cannot be too well washed. 

The filter paper and precipitate may be introduced at once, after 
draining, into a platinum ci-iicible, and heated either in a muffle or 
by a blowpipe-flame. The final result is Cr,< wliich should be dark 
green in colour and a perfectly loose powder. 

Instead of alcohol, a sodium thiosulphate solution, or yellow ammo- 
nium sulphide, or sodium sulphite may be used for the reduction. 
Some sulphur is thrown down from the former of these, but it does 
not interfere, being burnt off* in the ignition. It is, however, more 
difficult to filter. The mode of calculation will be evident. 

CALCIUIVI. — Iceland spar is a very pure form of the carbonate, 
but sometimes contains a little silica, SiO,. The most complete pre- 
cipitant for calcium is oxahc acid or ammonium oxalate, in alkaline, 
ammonia, or acetic acid solution. 

Pound up some Iceland spar, place in weighing bottle, weigh, 
take out into a oOO cc. beaker between *»> and 1 grm., add about 
20 cc. dilute HCl, and r»o cc. water, warm gently until completely 
dissolved. (If there be any visible residue of silica it will be 
necessary to filter.) To the perfectly clear solution add ammonia 
(which should cause no precipitate), and then oxalic acid, still keeping 
the ammonia in excesvs. CaC^O^ forms, and if the temperature be 
kept about GO ^ to 80*' C it settles down rapidly, and can be easily 
filtered and washed with water. The precipitate is best ignited in a 
platinum crucible over the blowpipe for 30 to 40 minutes, the residue 
is then quicklime, CaO. The crucible should be uncovered at first 
until all the paper has been burnt, and for the final 10 or 15 minutes 
covered with the lid. 
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BARlXTiM* — The estimation of barium is practically identical 
with that of sulphuric acid. 

With the exception of the chloride, acetate and nitrate, not many 
of the common salts of barium are soluble. Many organic salts are 
soluble ; for instance, most sulphonates of benzene derivatives. 

An excellent exercise with barium is to decompose the sulphate 
by fusion with a carbonate and reconvert the barium into sulphate, 
and the sulphuric acid into barium sulphate. 

Barium sulphate as heavy spar can be obtained, as a mineral, in 
a state of almost absolute purity. Grind to fine powder and sift 
through a gauze sieve. Weigh a platinum crucible, then introduce 
•5 to 1‘5 grm. of the mineral, cover with at least 5 times as much 
fusion mixture, which need not be weighed ; stir the mixture with a 
platinum wire, heat up to fusion over a Bunsen flame for about 
20 minutes. Cool ; place crucible in beaker in about 300 cc. water. 
The fused mass will partly dissolve and detach from crucible. Wash 
the crucible free from any adhering salts and filter the solution, and 
wash the barium carbonate thoroughly and quickly. The filtrate 
contains the sulphuric acid as sodium salt. This carbonate may now 
be dissolved ofl’ the filter paper by dilute HCl poured through hot 
and in small quantities at once, and reprecipitated as BaSO^ by the 
addition of a slight excess of dilute sulphuric acid. The solution 
should be heated, and, in fact, the whole opemtion carried out exactly 
as given under sulphur as barium sulphate (p. 263), 

The carbonate of soda solution containing the sulphate is made 
acid by carefully adding dilute HCl, heated to boiling and slight 
excess of barium chloride solution added. The BaSO^ is treated as 
before. The two amounts of barium sulphate obtained should be 
theoretically equal and practically differ only in the fourth decimal 
place. 

MAGNESIUM. — Most magnesium salts are soluble and 
resemble zinc salts to a great extent. About the least soluble salt 
is the double phosphate of magnesium and ammonium, NH 4 MgP 04 , 
which is almost insoluble in water and practically quite insoluble in 
dilute ammonia, but very soluble in acids. 

Magnesium sulphate, MgSO^jTHgO, or magnesite, MgCO^, or 
even metallic magnesium, are suitable for exercise ; *2 to *3 of 
metallic magnesium will be suflicient, and not more than 1 grm, of 
the salts. Dissolve the metal in dilute HCl in a small 300 cc. 
beaker, covered, add sodium hydrogen phosphate in slight excess 
no precipitate should form if sufficient HCl be present. Warm 
gently but do not boil, and add ammonia until the solution smells 
strongly. Arrange that there is not much more than 200cc. of 
liquid. Keep in a warm place for a few hours, avoid stirring after 
adding the ammonia. The precipitate will settle down more or less 
crystalline. Filter whilst warm, 40° to (50'' C, and contrive to 
wash the precipitate from the beaker with some of the clear filtrate 
from the first portion poured in. Finally, wash with small quan- 
tities of dilute ammonia so that not more than 100 cc, are used. 
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Allow to drain and pour alcohol twice over the precipitate. Place 
funnel and precipitate in the steam oven and allow to dry 
thoroughly. 

Weigh a porcelain crucible and lid. When the MgNH^PO^ is 
quite dry it will detach almost completely from the paper by very 
slightly rubbing or pressing the sides of the filter paper cone 
together. Do this over a piece of clean, smooth, blue writing paper. 
Drop as much as possible of the substance into the crucible and care- 
fully brush any adhering particles from the filter paper and any that 
have fallen into the blue paper also into the ci ucible, using a small 
earners hair brush. 

The filter paper must then be folded up, coiled in platinum wire, 
and burnt separately (see Fig. 28), and the ash dropped into the 
crucible. The crucible, covered, may now be ignited in the muffle, 
or, gently, over the Bunsen flame. The salt becomes Mg^P^O-, 
molecular weight 222, from which the Mg can be calculated. 

This is really a very diflicult exercise, and great attention should 
be paid to details. If it should stick on the sides of the beaker 
during formation it may be necessary to redissolve in IICI and again 
precipitate. The pouring rod should vot be in the beaker at the 
time, nor should it be stirred, and the beaker 77mst be perfectly 
clean when commencing. The NH^MgPO^ is very light and inclined 
to dust when dry, so care must l>e taken in getting it into the 
crucible. A platinum crucible mu.'-t vot be used. 

POTASSIUM AND AMMONIUM.— The only reliable 
gravimetric method of estimation of these bases is to convert their 
salts into the chloroplatinate, K^PtCl^, or (NIIj) 2 PtCl^^, both of which 
are extremely insoluble in strong H(Jl, or in alcohol or ether, or a 
mixture of the two latter. 

As potassium and ammonium salts are soluble all otlier metals 
can easily be separated from them. 

Potassium chloride should be taken for exercise first. 

The salt is to be dissolved almost to saturation in hot w^ater, and 
this saturated with HCl gas and cooled at the same time. The KCl 
crystallises out with some HCl. It is to be drained from the acid 
and then melted in a platinum crucible. Some of this salt is pounded 
up and placed in the weighing bottle. It is deliquescent. Take 
about 2 to -5 grm. in a small porcelain dish, dissolve in about 20 cc. 
water, or less if possible, acidify with HCl and add platinum chloride 
in considerable excess. (The strength of the PtO^ solution should be 
known.) The whole is then to be evaporated to dryness on a steam 
or water bath ; the residue is K^PtCl^ and the excess of H.PtCl. 
which undergoes partial decomposition into PtCl^. To this one or 
two drops of HCl are added and allo\ved to moisten the residue. A 
mixture of equal volumes alcohol and ether is then added, the 
residue stirred up with a glass rod and then allowed to stand a fe\^ 
minutes, the dish being covered with a glass j)late. 

In the meanwhile, whilst the salt solution has been evaporating, 
a small filter paper has been dried carefully in the steam oven and 
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weighed. For this a paper must be selected and placed in oven for 
30', it is then put inside a test-tube “ carrier ” made out of two test- 
tubes, one of which slides moderately easily in the other (plenty of 
these “ fitting ” tubes are to be found in every box of test-tubes). 
The rim around the open end of the smaller* tube is removed, by 
filing it around and warming in a very small flame. The open end 
of the smaller tube is then pushed into the larger. This makes a 
sufficiently air tight carrier for paper and other hygroscopic sub- 
stances whilst weighing (Fig. 30). The paper must be dried and 
weighed and dried again and weighed until the two last weighings 
are the same. The paper must be moistened with alcohol before 
commencing to filter the potassium salt. A mixture of alcohol and 



Fig. 30. — Fitting test-tubes for carrying filter papers, &c. &c., 

for weighing. 


ether should be used to wash all the KjPtCle on to the paper from 
the dish and also on the paper, until it comes through colourless and 
leaves no residue on evaporation. (The filtrate containing the 
excess of PtOl^ is saved.) 

The funnel and paper are placed in the oven to dry and then in 
the carrying tubes to weigh. The drying and weighing must be 
repeated until the weight is constant. 

The difference between the weight of the carrier paper and 
carrier -b paper -h KjPtOlg evidently gives the weight of the latter. 

It is possible to get a check on this by decomposing the double 
salt into metallic platinum and KCl. K^PtOlg, when ignited in a 
muffie for a long time, preferably in a weighed platinum crucible, 
gives 2K01 -t- Pt -f chlorine, which escapes. Generally the platinum 
is so coherent that the KOI may be washed away with warm water 
and the Pt left. After again heating the crucible can be weighed 
and the potassium equivalent calculated from the weight of 
platinum. 

AMMONIUM The method for potassium applies exactly 

to ammonium, excepting that it is not necessary to weigh the 
tNH 4 ) 2 PtClgin the dried filter paper, although it is advisable to do so. 

After getting on the filter paper and washing, as with potassium, 
the filter paper and salt can be placed at once in a weighed plati- 
num crucible, covered with the lid and heated, gently at first, over a 
Bunsen flame ; when gases have ceased to escape the lid may be 
removed and the carbon, from the paper, thoroughly burnt off. 
Platinum only should be left. One atom proportion of Pt = 194*34 
is equivalent to 2(NIIJ = 36. 

SODIUM. — Properly speaking there is no insoluble sodium com- 
pound that can be used for gravimetric determination. Many salts, 
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such as the nitrate, chloride, acetate, etc., when heated with 
are converted into sulphate, the more volatile acid being driven oft’. * 
Supposing the sodium salt to be one with a volatile acid ; wei<ih 
a platinum crucible and lid, introduce about grni., not more, '’of 
the drj salt, support- on a triangle, add a few drops .•u'riuj.rg 

the Vid and conduct the operation as in Fig. 27 (p. 2.*>r>). ^ 

A/ hrombum? lyM // ad/eJ yjs/j/mw. 

phoric, it will generally be possible to effect a double decomposition, 
say, 

Na,HPO, + MgSO, + XH.OH = MgNH.PO, + Na^SO,. 

The filtrate here will contain Xa,SO., with some MgSO^, on evapora- 
tion to dryness and heating to redness some of the MgSO, will be 
decomposed. On dissolving residue in water and filtering there will 
still be Mg present. It may bo i-emoved either by |{a(IlU)j solution 
or freshlv precipitated and washed llgO, the filtered solution 
being again filtered and then evai)orated to «liyne.ss. taken up with 
dilute H,S0^, filtered and finally ev.i|iorated and ignite<l. 

HALOGENS. — The amount of halogen in .any haloid salt can 
be determined by precipitating the halogen (Cl, Hr, or 1) with silver 
nitrate in the presence of a little nitric acid, in which the silver 
haloid is quite insoluble. A few metal salts of halogen.s, as those of 
lead and copper and mercury, are somewliat insoluble or quite 
insoluble in water, but dissolve either in acids or alkalies. 

Example (actual) w-ith sodium chloride. 

A sample of common salt which had been l ecrystallised twice 
from strong hydrochloric acid, and then heated in a platinum 
crucible to melting, was powdered and pl.iced in a small weighing 
bottle. 

HottVe and salt . . . . . . . 

Poured some salt into beaker, weighed bottle again . 

XaCl taken ........ 0-80(Vd. 

This was dissolved in .bO cc, hot water in tbe beaker into wbicb 
it was put from the bottle. 1 cc. nitx-ic acid was added, and then a 
solution of nitrate of silver adde<l slowly, as long as a precipitate 
formed ; heated to boiling, and then a few (5) cc. silver solution added 
to make sure there was an excess ; filtered hot through a folded filter 
paper, and washed with hot water containing 1 cc. deci-normal nitric 
acid in 500 cc. (this quantity of water, if used in repeated small 
doses, will be found sufficient to wash this weight of precipitate 
perfectly) j it was then dried in an oven, detached from paper ; placed 
in crucible ; paper burnt, and ash dropped in, and then the crucible 
and contents heated nearly to the melting point of the chloride of 
silver. 

W^eight of porcelain crucible and precipitate and ash . 2'i‘8513 

» crucible ..... 22‘8800 

-A-sh -0045 

^gOl 1-9668 
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As 108 pa^ of silver unite with 35-r) of chlorine and only one 
halogen (chlorine) compound of silver is known, the proportion of 
chlorine in common salt can be calculated from the amount of silver 
chloride formed : 


Cl AgCl 
35-5 X 1-90G8 x 100 
143-0 X -8033 


• i 

per cent. C], 


AgCl JS^aUl 

Calculated from the formula NaUl, Cl = /' . 


In doing these haloid salts of silver it must be noted that, 
if any adhere to the filter paper, it will be reduced more or less to 
metallic silver as the paper is burnt. If it be then mixed with the 
haloid salt in the crucible, and weighed as such, there will evidently 
be something wrong. It is not always safe to take it that the 
silver salt adhering to the paper is perfectly reduced. This may be 
the case when the paper has been very tightly rolled up before 
burning, so that H and CH,^ come well into contact with it. If 
even somewhat loosely bound up, the amount of reduction is very 
variable; a far better plan is to put a.'^h into crucible as above 
described, and then, w'hilst heating, treat the precipitate with a little 
of the particular halogen of which it is the salt. 

With iodide there is no difficulty ; simply add a small crystal of 
iodine w hilst heating up. With bromide, either a drop may be put 
into the crucible, or better, before heating up moisten the precipitate 
wdth a solution of bromine in ether, and allow’ to evaporate before 
heating to fusion. With chlorides, the simplest way to ensure 
complete chlorination is to blow* a little chlorine gas into the crucible 
durinrj the hentimj, A test-tube wdth cork ami C-shaped delivery 
tube is needed. About a grm. of potassium permanganate crystals 
are put in the test-tube, and a couple of cc. of strong HCl added 
immediately before using. The chlorine is directed into the crucible 
containing the silver chloride by means of the bent tube. Take care 
the chlorine is not coming off too vigorously or it may blow out some 
of the paper ash, but generally there is no danger of this with the 
amount of permanganate named. 

CARBON AND HYDROGEN. — Compounds of carbon 
and hydrogen require somewhat special methods and apparatus for 
their quantitative analysis. Carbon and hydrogen in minerals are 
mostly as CO^ and H^O, which may generally be determined by 
difference, either by heating alone, or by treatment with some non- 
volatile acid. (See p. 253.) In organic substances C and H are 
best determined by a combustion process. (Carbon in irons and 
steels may also be determined by this process.) 

In this combustion process the carbon is converted into CO^, and 
the hydrogen into IlgO, in such manner that both products may be 
caught and weighed separately. 

* These two gases are decomposition products of cellulose or paper. 
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As COg contains carbon to the extent of 12 in 44, and Hj,0 2 of H 
in 18, the weights of C and H corresponding to the CO, and H,0 
can readily be found. 

The actual operation is carried out in a glass tube, through which 
purified dry air or oxygen can be driven. In this tube a weighed 
amount of the substance is heated, and “ completely ” burnt. 

The substance, if a solid, or a liquid of not very volatile nature, 
may be contained in a ‘‘ boat '' of platinum or of porcelain. If very 
volatile, then a special tube must be employed. 

The actual requisites are : 

L A “ tube furnace,"' which may be simply a row of Bunsen 
burners (20-30), mounted in a frame, so that a tube of 24-30 inches 
length can be heated to redness. If the laboratoiy be supplied with 
such furnace no figm*e is required. Without one the ordinary ‘‘ com- 
bustion ” anaWsis cannot be done. 

II. A glass tube about ^ inch clear diameter, and about 4 inches 
longer than the furnace. It must be of ditlicultly fusible glass. 

III. An air-aspirator of some kind. A Bunsen waterfall pump is 
convenient. The simplest is a two or three gallon bottle or jar, with 
an opening near the bottom fitted with a tap. A cork with small 
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tube is fitted to the neck. When the bottle is filled with water, and 
the tap opened, air is asp>irated or drawn in through the top tube to 
take the place of the escaping water. 

IV . A drying and purifying arrangement for the air before it 
enters the tube. The simplest and most eitective consists of a tube 
about 20 inches long and about 1 inch diameter, with corks and 
small tubes at each end, and charged with coarse soda-lime. The 
air is drawn through this first, ami then bubbles through concen- 
trated sulphuric acid contained in a small two-necked bottle. Small 
glass and rubber tubes are used for connections. From the sulphuric 
acid bottle the air passes into (V.) the combustion-tube. This should 
be charged with copper oxide, as shown (Fig. 31). It must be 
“granular ” oxide, made from bits of wire. 

yi. The absorbing apparatus first attached directly to the com- 
bustion-tube — a U-tube charged with pumice-stone moistened with 
strong sulphuric acid, 

2nd. A similar tube, with dry soda-lime, or better, a tube as seen 
in Fig. 31, made from a common test-tube, and charged, the bottom 
three-quarters w ith soda-lime, and the top quarter with dried calcium 
chloride, j^^t separated by a thin plug of cotton wool. 
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The end of this tube is attached by rubber tube with a small 
U-tube containing H 2 SO 4 , to serve as indicator and then the aspirator 
arrangement. 

The two tubes are weighed separately, and then attached to the 
tube as shown. (See Fig. 31.) The boat is then weighed, the sub- 
stance introduced, and weighed again. It is usual to carry the boat 
in a small corked tube ; or better, fit one test-tube into another (see 
Fig. 30), so that one tube acts as a cap to the opening of the other. 
The boat and contents are thus protected from loss or gain in 
transit from the balance to the tube. The tubes are only for 
carrying the boat, and are 7iol put into the combustion-tube and not 
necessarily on the balance-pan. 

After the substance and boat are introduced, the burners behind 
the boat are lit, and as the heat reaches the substance it should 
gradually either distil into the portion of copper oxide kept cool, or 
decompose and slowly burn. 

Considerable judgment is necessary in conducting this operation. 
Some bodies may be heated up much more quickly than others, and 
no rule can be laid down, excepting that a volatile substance must 
have more time and less heat applied behind the boat at the com- 
mencement. Thei’e is no particular sign when a combustion is 
ended and the CO^, and H^O swept completely from the tube. It is 
therefore customary to continue the process for some time after all 
the substance has gone from boat and tube, and allow time for 
mixing and sweeping out of the gases.- 

After the substance has burnt from the boat, and the whole tube 
has been heated to redness, the tube maybe finally cooled by turning 
off* the burners at the end where the air enters, and as far as the 
main bulk of copper oxide. When the combustion appears over, the 
two tubes, in which water and carbonic oxide have been collected, 
are separately detached and weighed. 

If the drying and purifying apparatus for the air be in proper 
order, no harm will result from keeping on the operation long after 
the combustion is really complete, but generally speaking an hour 
and a half is sufficient. 

The weight of substance taken should have some connection, if 
possible, with its carbon contents, as it is advisable to have a good 
margin of excess of soda-lime over the CO^ to be absorbed. From 
•2 to *5 grm. substance is mostly sufficient. As an example, actual : 


• 1 27)0 substance : 

gave H.,0 — ’0748. 

CO, - -3887. 

•0748 X 100 ^ 

t) X •12:7(7 ='' 

•3887 X 3 X 100 ^ ^ 

= 84-8 per cent. u. 


11 X 1250 


This calculates to the formula Cj 3 H, 30 ==H 6 * 58 ; C84’78. ^^ 

In most compounds oxygen is still “ taken by difference. That 
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is, all the other elements ai^ actually found, and the difference from 
100 taken as the amount of oxygen, if that element is found by 
qualitative examination to be present. 

A method of combustion in hydrogen has been proposed, but fur 
most cases it is quite^'unnecessary to have a direct determination of 
the oxygen, there being no doubt, from other evidence. 

NITROGEN. — The most generally applicable method of deter- 
mination of the amount of nitrogen depends on the fact that most 
nitrogenous substances when heated with soda-lime (a mixture of CaO 
with NaliO) yield the whole of the nitrogen in combination with 
hydrogen as ammonia. This applies strictly to all compounds where 
the nitrogen is 7iot directly united with oxygen. 

Nitrates and nitro-derivatives, where the nitrogen is more or less 
oxidised,’^ i*equire a considerable moditication of this treatment. 

Nitrates, whether mineral or organic, and both nitric and nitrous 
acid solutions, are best analysed in the nitrometer.” 

Nitro-com pounds, as picric acid Cj.llg(N 02 ) 30 H, and some amino 



and imido compounds, are best analysed by combustion with CuO in 
a vacuum tube connected with a Sprengel pump so that the nitrogen 
is collected and measured. 

The same treatment is necessary with some other classes of 
nitrogen compounds, but modifications are necessary in some cases. 
Where the substance is an explosive, for instance, picric acid men- 
tioned above, would need to be mixed with either fine sand or starch 
to modify its ‘‘ decomposition ” sufficiently to be safe. 

When the nitrogen is determined as ammonia, the operation can 
be conducted in a piece of combustion ” tube 14—18 inches long 
and open at both ends, and so arranged that a stream of hydrogen 
can be continuously passed through. 

The tube is heated in a furnace as with the carbon and hydrogen 
determination . 

The hydrogen requires to be w’ashed by passing through water, 
and then a potassium hydrate solution, but need not be dried. 

The figure explains arrangement of tube and charge. 
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The substance, if a solid, is weighed in a weighing bottle, a small 
quantity, about *5 to 1 grm. shaken out into a small dish or mortar 
and the bottle weighed again. The quantity shaken out is then 
mixed by means of a wire with a few grms, of dry but cold soda- 
lime, and by means of a smooth paper gutter' introduced into the 
tube, as will be evident by Fig. 32. There is a plug of copper-wire 
or foil in the front of the tube ; then a layer of about two inches of 
soda-lime only. The mixture of substance and soda-lime comes after 
this. The dish or mortar is washed out by more soda-lime, until the 
tube is nearly full. An excess cannot hurt. 

Another copper wire, or an asbe.stos plug, keeps the soda-lime in 
place at this end. This end of the tube has a moderate-sized U-tube 
fitted to it with cork. I he U-tube contains a quantity of either 
HjSO^ or HCl of known strength. (Standard acid.) 

The ammonia produced in the tube neutralises some of the acid. 
The strength and quantity of acid being known beforehand, the 
amount actually neutralised by the ammonia can easily be found. 
The hydrogen is permitted to flow slowly through the tube during 
the whole time of heating, so as to convey the ammonia as fast as 
formed into the acid. 

The determination of the amount of ammonia by the use of an 
acid of known strength comes under “ volumetric ” analysis. 

After charging the combustion-tube with the substance and soda- 
lime, the U-tube, to be fixed at the end, is charged with an accurately 
known quantity of the acid, and then attached. 

After the combustion is ended the acid is carefully emptied and 
washed from the U-tube into a dish, a few drops of litmus added, 
and then the soda solution as with the process of matching it with 
the acid. See acid and alkali (page 283) ef seq. If, say, 25 cc. of 
acid were employed in the tube and it required only 20 cc. of the 
soda solution, then the difference, 5 cc., must have been neutralised 
by the ammonia liberated in the combustion-tube. 

With a solution of ^ strength each cc. = •0010 acid, or *0042 
soda, or *0017 NHj, or *0014 N. So that in the case imagined the 
amount of nitrogen would be 5 x ’0014, evolved in the form of 
ammonia. 

Nitro derivates may be analysed by this method when mixed with 
five or six times their weight of starch. It is more usual, however, 
to burn them with copper oxide in a Sprengel vacuum, and collect 
the niti’ogen gas over strong soda solution, which absorbs the CO, 
formed by the carbon burning. The water produced does not 
interfere. 

The method of combustion with CuO in a tube attached to a Sprengel 
pump by which the gases are pumped out and meeisured, is one of the most 
accurate methods of analysis devised, and can be employed not only for 
nitrogen but for carbon as well. 
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The object of volumetric analysis is to ascertain, quantitatively, 
the composition of a given substance by means of solutions of a 
reagent of known strength. Certain characteristic reactions are 
produced, and from the quantitt/ of reagent used, the amount of 
substance present may be deduced from the laws of chemical equiv- 
alence, All that is necessary for the successful performance of 
the analysis is that the exact termination of the reaction shall bo 
made visible. 

As will be seen subsequently, the appariitus required in volumetric 
processes is of a much simpler character than that employed for 
gravimetric analysis. In addition, the estimation may be performed 
very rapidly, and with an accur-acy quite equal to tltat obtained 
by the most careful gravimetric methods, and in some cases even 
more so. 

End of Eeaction. — As previously mentioned, the success of any 
volumetric analysis depends upon the termination of the reaction 
being definite and observable. The most geneial methods of ascer- 
taining this may be classified a.'^ follows : 

1. The appearance or disappearance of a distinct colour in the 
liquid under operation . — An example of this is to be found in the 
estimation of iron salts by potas.sium permanganate. If the per- 
manganate solution be added drop by drop to an acid solution of a 
ferrous salt, the colour is discharged .so long as the latter is in 
excess. When the permanganate strikes a distinct colour in the 
liquid the oxidation of the ferrous salt has been completed. Con- 
versely, when hydrogen peroxide is added to a solution of perman- 
ganate, the colour of the latter becomes fainter and finally disappears 
at the moment the reaction is complete. In both cases the final 
change is brought about by one or two drops of solution, which may 
be extremely dilute. 

2. When a pyredpitate just ceases to form , — An example of this 
is afforded by a well-known method of estimating silver. If a 
solution of sodium chloride be gradually added to a silver solution, 
the latter being constantly shaken so as to allow the precipitate to 
subside, a point will be reached at which a drop of the salt solution 
ceases to cause a further precipitation. This indicates the end of 
the reaction. 

3. By the use of an indicator^ which may be defined as a sub- 
stance which renders the end reaction evident, without itself inter- 
fering with the reaction. Examples of these are provided by the 
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estimation of the aridity or alkalinity of a given solution ; and as 
this is one of the most frequent uses of volumetric analysis, the 
names and properties of the chief acid and alkali indicators will be 
given : 

(а) Litmus . — ^The solution of litmus, as is w^ell known, is turned 
red with an acid and blue with an alkali. If one be added gradually 
to a solution of the other, into which a little litmus has been 
poured, a point of neutrality will be reached when the litmus is 
neither red nor blue ; after which one drop of acid or alkali will 
turn it red or blue. The end of the reaction is thus made evident. 
The objection to litmus is that it is aflfected by carbonic acid, so that 
in such cases as the estimation of alkaline carbonates with an acid, 
the litmus is turned prematurely red. Boiling the solution during 
the process obviates this. 

(б) Methyl orange (para-sulpho-benzene azo-dimethylaniline), is 
an orange coloured body, soluble in water. It becomes red on the 
addition of an acid. It should be made by dissolving 1 grm. of the 
solid in a litre of distilled water. One drop of this solution present 
in the alkaline liquid will strike a red tint immediately an acid 
is added in excess. It is probably the best indicator for acids and 
alkalies, be^g totally unaffected by carbonic acid or sulphuretted 
hydrogen. 

(c) Phenolphthcdein. — This indicator is prepared by dissolving 5 
grms. of the powder in 1 litre of 50 per cenv. alcohol. A few drops 
of this solution show no colour in a neutral or acid solution, but the 
faintest excess of alkali produces a deep purple-red. It is, however, 
affected by CO, and H,S. 

The indicators used in other volumetric processes are too numerous 
to classify here ; such as are used in the processes to be described 
will be found, with the principles of their action, in the description 
of the analyses. 

Standard Solutions. — A standard solution may be defined as 
an arbitrary solution possessing a known chemical strength. Such 
solutions are generally, though not alwaj’s, made in accordance with 
the chemical equivalent of the reacting body, as explained in the 
next definition. 

Normal Solution. — A normal solution is one which possesses 
the hydrogen equivalent of the reacting element in grams in 1 
litre. It is genei'ally expressed by the symbol N, Reference to 
examples will make clear the definition given. 

1. Sodium hydrate, NaOH, contains 23 parts by weight of 
sodium; 23 being the hydrogen equivalent to 16 of oxygen and 1 
of hydrogen. A litre of normal sodium hydrate would therefore 
contain 40 grms. (23 -f 16 -l- 1) of NaOH = 23 grms. of sodium. 

2. Sodium carbonate, Na,C 03 , contains 46 parts by weight of 
sodium, or two equivalents. For a normal solution we must there- 
fore divide the weight expressed by Nn^COgby 2, which will give the 
amount in grams to be contained in 1 litre. 

3. Copper sulphate, CuSO^, conta'ns 63 parts by weight of 
copper. The hydrogen equivalent of copper is 32*5, since coppei is 
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lUvalent. The number of grams in a litre of normal copper 
sulphate is therefore one half of the number represented by 
CuSO,. 

It is of great iin^*tance that this point should he clearly under- 
stood^ in oi'der that a thorough insight into the i^arious volumetric jwo- 
cesses may he obtained. 

The chief advantages obtained by making standard solutions of 
normal strength are that any two such solutions, capable of reacting 
upon each other, do so in exactly e<iual volumes, and that the final 
calculations are rendered much easier. 

It is often an advantage to employ solutions of less strength 
than normal, in such cavses they are usually made some simple 
fraction of normal; thus deci-normal (t^o) 5 i=^emi-normal (^), ifec. 

All standard solutions ^hould be kept in well stoppered bottles. 
Before using for an analysis they should be well shaken, as evapora- 
tion from the surfaces of the liquid causes a deposition of water 
on the sides of the bottle, leaving the remaining solution unduly 
strong. 

Titration, — The actual operatic^n of running in a standard solu- 
tion to the liquid undergoing analysis, and the observation of the 
end reaction are expressed by the term ‘‘titration.'^ The solution 
is run in from a graduated instrument, to be afterwanis described. 
By this means the amount of solution used is accurately known. 
The solution undergoing estimation may be contained in either a 
beaker, flask or dip'll. Whichever of these is used it is 
essential that constant mixing shall take place, in order 
that every pait of the liquhl may participate in the reaction. 
This may be accomplished in the case of a flask by swishing 
round the contained lir^uid and then slightly inclining ; in 
open vessels a glass stirring-rod may be used. Tlie instrii 
ment from which the .standard solution is delivered should 
never be so far removed from the test liquid as to cause 
splashing ; and the solution should not be allowed to run 
down the side of the beaker or fl^isk, as difliculty is ex- 
perienced owing to the adhesion of the solution to the side 
of the vessel. 

The details of the titrations given will be found under 
the respective headings. 

Graduated instruments, — The tliree chief graduated 
instruments required in volumetric analysis are the pipette, 
the measuring flask, and the burette. 

The pipette, as shown in the sketch, consists of a 
narrow piece of tubing widened out at the centre. The 
bottom portion of the narrow tubing is draw’n out to a 
moderately fine taper point, so as to allow the liquid to be 
retained when the opposite end is closed, and also to ensure 
a moderately slow delivery of the contents. The gradua- 
tion consists of a mark on the upper portion of the narrow tubing. 

^To use the pipette, the point is immersed in the liquid from 
which an exact volume is to be transferred to another vessel. 


7c,c, 


w 


Pipette. 
Fig. 33. 
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Suction is then applied, using the tongue as a valve, until the liquid 
rises 2 inches or more above the mark. The forefinger is then 
rapidly placed over the open end, when, by gently moving the finger, 
air may be slowly admitted and the column allowed to sink until 
the bottom of the meniscus is opposite the mark. The finger is then 
pressed tightly, and the pipette removed bodily and its contents 
discharged in the receiving vessel by lifting the finger. The last drop 
remaining in the tapered portion may be expelled by touching it 
against the side of the vessel closing the top with the finger and 
grasping the wide portion with the hand. The warming expels the 
last drop. The pipette is evidently made to deliver a given volume ; 
its actual contents are obviously greater, as it is wetted by the liquid 
and therefore retains a portion on its sides. Before using the 
pipette for a different solution, it should be rinsed out with distilled 
water several times, dried, and rinsed out with the new solution 
before final filling. Care must be exercised during the last stages 
of filling, otherwise the solution may be drawn into the mouth. 
A few inches of small rubber tube at the top of the pipette is most 
convenient. 

Convenient sizes of pipettes are lOi) cc., r>0 cc., 25 cc., 20 cc., 
10 cc. and 5 cc. 

Measuring jiasks may be obtained in various forms and sizes. 
In preparing standard solutions such flasks are absolutely necessary. 



Fig. 34.— Measuring Flask. Fig. 35.— Measuring Cylinder. 

The flasks are of such a size that the graduation mark ma}’' be placed 
on the neck. The best form is that show n, containing an accurately 
ground glass stopper ; so that any solution contained in the flask 
may be mixed and preserved from evaporation. The stoppered 
flask, however, is not absolutely necessary. Such flasks are usua y 
made to contain a given quantity ; the amount they will deliver is 
obviously less, and should a flask be used for the latter purpose it 
must be specially graduated. 
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Convenient sizes are 1 litre, oOO oc., cc., 200 cc., 100 cc, and 
50 cc. 

In filling to the mai*k the last few drops should be blown in 
fi-oni a wash-bottle Jet. Where it is only requisite to measure or 
deliver quantities of liquids roughly, measuring cylinder are used. 
They consist of cylinders graduated by divisions marked on the side, 
and should possess a lip for convenience of pouring. Such cylinders 
are of great service in the rougher |K)rtions of tlie work involved in 
volumetric analysis. 

Convenient sizes are ce, and lou cc. 

The IlureUe, — There are numerous forms and sizes of this instru- 
ment obtainable, but the best form for general use consists of a 
gi'adiiateJ tuV^e with a tap at the liottom which by careful turning 
may be adjusted so as to allow only a single drop to escape. 

A convenient size for ordinary use is the one graduated in 
tenths to o’* cc. Two drop> are about cnpuil to |\jth of a cc. The 
method of using the burette is as follows : Pour in a few cubic 
centimetres of the solution to be used, and incline the burette so 
that every portion is washed in turn by the liquid. This washing 
liquid is now poured away, and the burette filled to a height of 
about two inches above the zero mark. It is then clamped in a 
stand and the tap ntpidly tinned on full and closed a^ain. This 
operation expels the air bublde in the tapered tube beneath tlie tap. 
The eye is now placed on a level witli the zero mark, and the tap 
gently turned so as to allow a very gradual escape of the liquid. 
The column falls slowly, and when the }>ottom of the meniscus is 
exactly opposite the zero mark the tap is closed. The drop clinging 
to the bottom is removed by touching with a glass rod, when the 
liquid to be titrated may be placed beneath the burette. If the 
amount of solution required for the reaction be approximately 
known, this amount minus about '2 cc. may he run in at one opera- 
tion. The linal stage of the reaction is found by running in two 
drops at a time, stirring the solution with a glass rod after eveiy 
addition. A point will be reached W’hen the addition of a given tw’O 
drops will cause the indicator to turn colour, at wdiich stage the 
reading of the burette is taken by observing the mark opposite 
the bottom of the meniscus, holding the eye level with the mark. 
When nothing is known as to the strength of the liquid to be 
titrated, an apjproxiinate idea must be obtained by running in 1 cc. 
B't' ft WllCD tll0 end FC&Oticn will be found between the limits 
of a cc. The burette must be again filled with solution, and a 
second titration performed accurately, the last portions of the 
solution being run in drop by drop until the reaction is seen to be 
completed. 

When the burette is to be used for another solution, it should 
be rinsed out several times with distilled water and dried. It may 
then be rinsed out wdth the new' solution, and filled and run down 
to the zero mark as before. 

The drop clinging to the bottom of the burette during the titra- 
tion may he transferred to the liquid by touching with the stirring 
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rod immersing the latter in the liquid undergoing titration. 
When the end of the reaction is close at hand, this drop frequently 
suffices to complete the change of tint in the indicator. 

The burette may be filled directly from the bottle containing the 
solution by holding it vertical, and allowing the lip of the bottle to 
rest on the top. The solution must be poured in gently, othermse 
it will flow over the outside of the burette. With a little care and 
practice, however, the burette may be filled in this manner without 
danger of overflowing. 

Por all ordinary volumetric estimations, it is only necessary that 
the readings of the burette be taken to -j^^th of a cc., as this amount 
IS frequently necessary to make the change in the indicator abso- 
lutely certain. For more refined methods, Erdmann’s float may be 
used, by means of which readings to ^\pth of a cc, may be accurately 
observea. This consists of a weighted glass tube having a mark 
round its circuinference. After roughly filling the burette the 
float is dropped into the liquid, when the mark will be seen to be 
below the surface. To adjust the burette for titration the tap is 
first rapidly and then gradually turned as before, until the mark 
on the float is opposite the zero mark. The final reading is taken 
alter titration by observing the graduation opposite to the mark on 
the float. 


PREPARATION OF NORMAL ACID AND ALKALI. 

A normal acid and alkali are frequently used in volumetric 
analysis, and their preparation should form one of the first lessons of 
the student. By accurately following the instructions given, correct 
solutions may be made by the beginner : 

(1) Normal sulphuric acid. 

H,SO, 

— — = -^9 grms. per litre. 


Strong sulphuric acid, as purchased, having a specific gravity of 1*84 
at 15^ C., has a strength of about oG times normal; 1 cc. diluted to 
o6 cc., or 27*8 cc. diluted to 1 litre, would therefore possess a strength 
approximating to normal. 

Place about 000 cc. of distilled water in a litre flask, and pour in 
28 cc. of the strong acid, stirring with a glass rod, in order to mix 
thoroughly. Allow the mixture to become quite cool, lift the rod out 
of the liquid and wash with a jet of water from a wash-bottle, and 
add water up to the mark. The mixture should now be poured into 
a large, dry beaker, and stirred with a glass rod or strip to ensure 
thorough mixing. 

A sample of the solution must now' be tested in order to determine 
its strength accurately. Two methods are here given, both of wdiich 
should be tried to ensure absolute accuracy. 
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а. Standardising the amd by jyredpiiaiion as barium sulphate, 

For this purpose 1 0 cc. of the acid are transferred to a b^ker by 
means of a pipette, diluted ynth water, heated, and precipitated by the 
addition of barium chloride. The precipitate is treated as described 
in the section on GiaVimetric Analysis. For the acid to be strictly 
normal, the weight of the precipitate of BaSO^ should be exactly 
1*165 grms,, as may be calculated from the equation : 

H,SO, + BaCl, - BaSO, + 2HC1, 

remembering that the weight of real acid in a litre of normal 
sulphuric acid is one half of that represented by the formula 
Two such precipitations should he performed ; if these agree the acid 
may be diluted or strengthened according to the figures obtained so 
as to make its strength exactly normal. 

Example (actual) : 

10 cc. of acid prepared as above gave with barium chloride a 
precipitate weighing 1*1^24 grms. 

Check li) cc. gave 1*1S18 grms. 

Mean = 1 *1821 grms. 

The acid was therefore too strong in the proportion of 
1-1S21 1*0147. _ 

) ~i — therefore necessary to add 14-7 

cc. of water to every litre of solution to make the acid 
strictly normal. After dilution and mixing 10 cc. yielded 
1*1642 grms., showing that the acid was as nearly as 
possible normal. 

б. Standardising the acid by means of sodium , — A jnece of sodium 
is freed from naphtha by pressing between the folds of filter paper. 
It is then cut rapidly with a knife .so as to present a perfectly clean 
surface on all sides, and transferred by the knife to a stoppered 
weighing-bottle (w^hose weight has previously been determined), and 
then weighed. From three-quai*ters of a grm. to a grm. will be 
found a convenient quantity for this experiment. 

now dropped from the weighing bottle into a flask 
of about d50 cc. capacity, containing about 100 cc. of pure alcohol, 
in which the sodium dissolves quietly. The flask should be inclined, 
so that a stream of water may be allowed to run over it while the 
sodium is dissolving. After the sodium has dissolved, the solution is 
dlmted with its own bulk of water, and a few drops of methyl orange 
indicator or litmus added. The acid to be tested is now run in care- 
lully trom a burette until the indicator just turns colour. The 
approximate amount of acid required being easily calculated from 
the amount of sodium taken, one titration will be sufficient if the 
l^t two or three cubic centimetres be added gradually. The acid is 
en corr^ted to normal by adding the requisite amount of water or 
strong acid, as indicated by the calculation. 
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Example (actual) : 

O’ 62 10 grms. of sodium required 25*8 cubic centimetres of 
acid. 

Check 0-7130 grms. required 29-7 cc. 


From the definition of a normal solution 23 grms, of sodium 

should require 1000 cc. of normal acid, therefore 0-G21 should require 

1000x0-621 jA-iou 1 ^ • 1000x0-713 

— = 2 / -0 cc. ; and ()•/ 13 should require - 


23 




:31-0 


cc. The acid was therefore too strong in the ratio of or - 7 r-;= and 

® 2o-8 29-7 

was diluted by adding 12 cc. of water to every 258 cc. of acid, as 
indicated by the first ratio. After mixing it was again tried, when 
0*658 grms. of sodium required 2^^ 0 cc. of acid, showing it to be 
strictly normal. 

Having obtained an exactly normal acid by the above means, a 
normal alkali may readily be obtained, as it is only requisite to 
adjust the strength so that it exactly neutralises an equal volume of 
normal - acid. For a normal alkali either pure sodium carbonate, or 
sodium hydrate made from sodium, may be used. The former is 
preferable for many reasons, but suflFers from the objection that 
the solution must be boiled during the titration if litmus be used 
as indicator, the carbonic acid evolved turning the litmus red before 
the completion of the reaction. If methyl orange be used as indicator, 
however, this objection is removed, as the colour of methyl orange is 
unaffected by carbonic acid. The preparation of normal sodium car- 
bonate will therefore be given. 




Normal sodium carbonate 


Na,C 03 


= 53 grms. per litre. 


A quantity of pure anhydrous sodium carbonate is gently ignited 
in a platinum vessel and allowed to cool ; 53 grms. are then 
accurately weighed and dissolved in water in a beaker. The solution 
is then transferred to a litre flask, the beaker washed and the 
washings added, and water then added up to the mark. It is mixed 
by pouring into a dry beaker and stirring, and returned to the flask. 
To test its accuracy 50 cc. are measured out in a pipette and trans- 
ferred to a beaker. About 200 cc. of water are added, and a few 
drops of methyl orange indicator. The normal sulphuric acid previously 
prepared is run in from a burette, when exactly 50 cc. should be 
required. If too strong or too weak, the amount of water or sodium 
carbonate to be added may be calculated as previously explained. 

Note. — A beaker of at least 500 cc. capacity should be used for 
this titration, so as to avoid loss by spirting caused by the evolution 
of carbonic add gas. 

By the aid of a standard acid and alkali a number of useful 
estimations may be performed by the student, A good exercise is 



2S4 


POTASSIUM PERMANGANATE. 


to find the strength in normals of some of the common laboratory 
reagents. Thus the strong hydrochloric acid of sp. gr. 1-lU, will be 
found to be about ION; the strong nitric acid, of sp. gr. 1’42, 1C N ; 
the strong ammonium hydrate, sp. gr. *88, 17 N; and so on. 
Quantities should be t&ken so as to requme about 50 ec. of the standard 
acid or alkali, so that the operation may be performed without having 
to refill the burette ; such quantities may be calculated roughly by 
reference to the figures given. A knowledge of the chemical strength 
of reagents is thus obtained, and the amovmt requiied to dissolve any 
given substance may be easily deduced. For example, if it be required 
to know how many cc. of strong HCl are required to dissolve 1 0 grms. 
of chalk, it is seen from the equation 

CaCOj + 2IIC1 = CaCl, + H,0 + CO,, 

100 71 

that 100 grms. of chalk I’equire 71 grms. of HCl — 2 litres of N. HCl. 

10 grms. require 200 cc. of N. HCl = 20 cc. of 10 N or strong acid. 
The value of such calculations is quite evident. 


PREPARATION OF DECI-NORMAL POTASSIUM 
PERMANGANATE. 

KMnO, N 

— = ;M6 grin.s. per litre 

This .salt is not sufficiently soluble in water to admit of a normal 
solution being used, and a deci-noruial solution is found to be most 
convenient in practice. In calculating the amount of salt that 
should be contained in such .solution, it should be remembei’ed that 
when potassium permanganate is used as an oxidising agent it is the 
available oxygen w’hich' is the reacting element. As this is repre- 
sented by 5 atoms in the formula K,Mn,0(,, and as oxygen is 

divalent, it follows that ^vill be the weight of 

X 2 O 

KMnO^ in one litre of normal solution, and ==3'1(> grms. 

is the weight of salt contained in a litre of deci-normal. (See 
Manganese, page 44.) 

Dry a quantity of pure potassium permanganate crystals by 
gently warming, and after cooling weigh out exactly* 3*1 G grms. 
Transfer this to a beaker, dissolve in water, and pour the solutions 
into a litre flask. The crystals dissolve rather slowly, and it is 
advisable to pour the first water into the graduated flask after being 

Note that it is sometimes very difficult to weigh out any particular 
amount of a substance. If luO grms. are wanted to be dissolved in 1000 cc. 
water, as nearly lOo grms., say 08 70OO, are weighed and then obviously the 
proportionately less amount of water used. 
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in contact with the crystals for about five minutes, stirring being 
frequently resorted to. Fresh water is then poured over the 
remaining crystals ; and so on until the solution is completed. The 
beaker is then thoroughly rinsed out, the washings being poured 
into the flask, and water added to the marfe. Mix as usual by 
pouring into a beaker and stirring, and returning to the flask. 

Standardising live potassium permanganate soluiimx . — The best 
method of obtaining the exact strength of the solution is by 
employing fen*ous ammonium sulphate, which may be obtained 
pure. This salt is also convenient for calculation, as it contains 
exactly one-seventh its weight of iron, as will be apparent from the 
formula : 

FeSO„(NH,)3SO„6H,0 

the atomic weight of iron being 5G. (See also ante^ page 262.) 
When acted upon by potassium permanganate in the pi^esence of 
sulphuric acid, the following reaction takes place (neglecting crystal 
water) : 

2KMnO, -h lOFeCNH^VXSOJ. + 8H,SO, = 5Fe,(SO,)3 -b 2MnSO, + 

*' 10(NH,),SO, + K,SO,-f8H3O. 

From the above equation it will be seen that 2 (KMn 04 ) or 316 
grms. of permanganate react with 10 x 56 = 560 grms. of iron ; 
therefore 3-16 grms., or 1 litre of deci-normal solution, would react 
with 5*6 grms. of iron, and 100 cc. would react with *56 grms. of 
iron. The weight of ferrous ammonium sulphate containing this 
quantity of iron is *56 x 7 = 3*92 grms. Weigh out about 1*5 grms. 
of the pure salt, dissolve in cold water in a beaker, and add dilute 
sulphuric acid so as to make the solution nearly normal in strength. 
This may be accomplished by adding to the water solution about one- 
eighth its bulk of 1 in 5 sulphuric acid. Then run in the perman- 
ganate solution until the addition of one drop produces a permanent 
colour in the liquid. The colour may be detected more easily if the 
beaker be allowed to stand on a sheet of white paper. The amount of 
- . 3*92 X cc. used , , 

solution used should be such that weight of salt tafcn 

100, as 3'92 grms. of the salt require 100 cc. 


Example (actual) : 

(а) 1‘61 grms. of ferrous ammonium sulphate required 41*1 cc. 

of permanganate solution ; 

(б) 1*506 grms. required 38*4 cc. 


3*92 X 41*1 


1*61 

3*92 X 38*4 
1*506 


= 100*0 


= 100*0 


The solution was therefore practically deci-normal. 
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Iodine in the presence of water acts as a gentle oxidising agent 
sii^ilarly to chlorine. Por instance SO^, As^Oj, H,S and many- 
other substances can be oxidised a definite stage. On the other 
hand an iodide like potassium iodide is easily oxidised, or, at any 
rate, decomposed sot that free iodine results. The colour of free 
iodine is almost a good enough indication by itself, but with starch, 
an extremely small amount of iodine is made evident. With 
sodium thiosulphate iodine acts in a very definite manner as far as 
the iodine is concerned, a perfectly colourless compound being 
produced. 

The two solutions can, therefore, be used as a sort of couple for 
volumetric work, and are spoken of as “ iodine and thiosulphate/’ 
They can be employed both in cases of oxidation and reduction, and 
in consequence have a moi'e extended application than most other 
volumetric solutions. The above are instances of oxidation, the 
action with SO,, or sulphites, being : 


SO, -f 211,0 + I, = 2H1 + H,SO,. 

Oxidising agents, as chlorine or nitrous acid, liberate iodine 
from KI and other iodides. Thus : 


Cl, + 2KI = 2KC1 + 1,. 

With sodium thiosulphate the action is: 

2 Na,SS 03 + I, = 2NaI + Na.S^O,. 

Chlorine and bromine act much more energetically than this, 
producing sulphuric acid as one product. 


PREPARATION OF A DECT-NORMAL SOLUTION OF 

IODINE. 

= 12-fir> grms. per litre. 

Iodine as purchased is not sufficiently purb for this purpose, and 
must be purified before being employed. A simple method for 
purification is to heat ordinary iodine with about one-fourth its 
weight of potassium iodide on a clock glass,* covered by another 
accurately fitting glass, the latter of which must not come into 
contact with the mixture. Pure iodine will then sublime and 
deposit on the upper glass, any bromine or chlorine which may be 
prasent combining with the potassium and liberating an equivalent 
of iodine. The upper glass is now removed and covered by a third 

* Clock glasses can be purchased. They are a little larger than ordinary 
watch glasses They can easily be ground flat to fit each other with emery 
and turps on a piece of ground glass plate. 
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accurately fitting gl^, and when cold, the glasses and iodine are 
weighed. The combined weight of the containing glasses must be 
previously known ; the difference will then give the weight of iodine. 
The bulk of solution of strength, which may be made by the 
iodine present may then be calculated as follows ; 

Let X = weight of iodine. 


Then, since solution contains 12* Go grms. per litre, the 
required bulk of solution will be - 


^ This method of procedure can be generally adopted instead of 
trying to get a particular weight of any salt, a difficult and slow 
operation with some substances, and then calculating the proportion 
of solvent required. 


Example : 

Weight of glasses 4 - iodine = 25*7050 grms. 

,, glasses only 18*2800 ,, 

iodine = 7*4250 

Bulk of solution required = 7*4250 x looo = 586*9 cc. 

1^65 


The glasses containing the iodine are now placed quickly in a 
beaker containing a solution of potassium iodide, nearly twice as 
much of the iodide as there is iodine by weight. The reason for 
this is that iodine is scarcely soluble in water alone, but appears to 
form double iodides — tri-iodides (?) which in the case of the alkaline 
ones are very soluble. 

The solution is now transferred to a convenient measuring flask 
of less than the required bulk of liquid. The beaker is carefully 
washed with potassium iodide solution and this water all going into 
the measuring flask which is finally filled to the mark. The remain- 
ing odd cubic centimetres and fractions of water required are run 
into a large, dry beaker from a burette, the contents of the flask are 
then poured into this beaker, and the whole well mixed by stirring. 
The flask should be rinsed out with the mixture, and the rinsings 
poured back. The solution is then ready for use. It must be kept 
in a stoppered bottle. 

Example . — The above 7*425 grms. of iodine were dissolved in 
150 cc. of water containing about 11 grms. of potassium iodide, and 
the solution transferred to a 500 cc. flask. As the final bulk 
required was 586*9 cc., 50 cc. were delivered into a dry beaker from 
a pipette, and the remaining 36*9 from a burette. The whole was 
then mixed as described. 

N.B. — This iodine solution will keep unchanged for a long time 
in a stoppered bottle if the bottle be wrapped with brown paper to 
exclude light. 
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PREPARATION OP A DEOLNORMAL SOLUTION OP 
SODIUM THIOSULPHATE. 

Na^jOj.SHjO = 24-8 grins, per litre. 

Jo # 

When iodine reacts with sodium thiosulphate, the equation which 
represents the reaction is as follows : 

2 Na 3 S 203 4- Ij ~ 2NaI 4- Na^S^O^. 

From this it will be seen that only one half of the sodium reacts 
with the iodine ; hence the weight expressed by in 

grms. will be contained in a litre of normal solution, and one-tenth 
of this amount in a litre of deci-normal. 

Pure crystals of thiosulphate are powdered and dried by pressing 
between the folds of blotting paper; 24*8 grms. are then weighed 
out accurately, dissolved in water, and the bulk made up to a litre. 
The solution is mixed in the usual way. 

Preparation of starch indicator , — About cc. of water are 

placed in a large test-tube ; as much starch powder as would cover a 
sixpenny piece is added, and the solution heated and allowed to cool. 
This indicator should be freshly made each time it is required for a 
given set of titrations. As is well known, such a starch solution 
strikes a deep blue colour with iodine, which is destroyed, however, 
by an excess of sodium thiosulphate. Hence it may be used to 
determine accurately the end reaction between the two solutions. 

TITRATION OF THIOSULPHATE SOLUTION BY IODINE 

SOLUTION, 

25 cc. of thiosulphate solution prepared as above are placed in a 
beaker; about 75 cc. of water and a little starch solution are added. 
The iodine solution is then run in from a burette until one drop 
produces a permanent blue coloration, when the reaction is completed. 

Example (actual) : 

25 cc. of thiosulphate solution required 24*8 cc. of iodine 
solution. 

Check 25 cc. of thiosulphate solution required 24*7 cc. of 
iodine solution* 

The thiosulphate solution was, therefore, too vreak, and was 
brought to standard strength by evaporating until its bulk was 
reduced to of the original.^ It was then found to be correct. 

The converse of this titration, i.c., running the thiosulphate 
solution into the iodine, is conducted by adding the former until the 
iodine solution has only a faint yellow tinge, then adding the starch 
indicator, and running in the thiosulphate solution, drop by drop, 
until the colour is just discharged. 

* It is best to evaporate a little too much and again titrate* Standing in 
an open dish in a dry place will often be sufficient. 
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PREPARATION OF A STANDARD SOLUTION OF 
SILVER NITRATE. 

The reaction between silver nitra^ and soluble chlorides is well 
known, and, taking sodium chlonde, may be represented as 
follows : 

AgNOa + NaCl = AgCl + NaNO,. 

For most analyses silver nitrate is usually made into a solution of 
such strength that 1 cc. is the equivalent of O'OOl grm. of chlorine, 
such solution being found most convenient for the titrations in 
which the salt is employed. As 108 grms. of silver combine with 

108 

35‘5 of chlorine, it follows that = 3-042 grms. will combine with 

1 gr. of chlorine, ilf therefore a solution be made so that 1 litre 
contains 3*042 grms. of silver, every cc. would be the equivalent of 
0*001 grm. of chlorine. The solution may be prepared by weighing 
out this quantity of silver and treating with nitric acid ; but it is 
much more con^^ient in practice to use the prepared salt, 4*788 
grms. of which will be found to contain 3*042 grms. of silver. 

4*788 grms. of the salt are weighed out accurately and dissolved 
in water, and the bulk made up to 1 litre. The solution is 
thoroughly mixed in the usual way, and is then ready for use. It 
should be standardised by transferring 50 cc. to a beaker by the aid 
of a pipette, precipitating with HCl, and weighing. The precipitate 
should weigh 0*2021 grms. (as may- be calculated); and the solution 
should be weakened or strengthened as in the previous cases, 
according as the precipitate weighs more or less than the above 
amount. 

Silver nitrate may be used for titrations in two ways : 1st, by 
using potassium chromate as an indicator, in which case the solution 
must be iieutrcd ; 2ndly, by observing the point when no further 
precipitation is caused in the liquid undergoing titration. An 
example of each of the above methods will be given in illus- 
tration. 


ESTIMATION OF CHLORINE IN DRINKING WATER. 

100 cc. of the sample of water are placed in a beaker, and three or 
four drops of K^OrO^ solution added. The silver nitrate solution is 
then run in from a burette at the rate of two drops per second, until 
a distinct red tinge appears in the liquid. A reading is now taken, 
and another 100 cc. of the water submitted to titration, care being 
taken, as in the previous estimations, to run in the last few drops 
carefully, so that the end of the r^iction may be exactly determined. 
Any indeflniteness in the colour may be obviated by adding a little 
salt solution to the contents of the beaker in which the first rough 
titration has been performed and stirring, when the red colour will 
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disappear, and the solution may be used for comparison with the 
one undergoing the more accurate titration. When one drop of the 
silver nitiate solution produces a deeper tint than that possessed by 
the standard, the reaction is completed. Extremely accurate titra- 
tions may be made ki this manner. 

The action of the indicator depends upon the fact that in a 
solution containing chlorides and a chromate the red silver chromate 
does not precipitate until the whole of the chlorine present has 
combined to form silver chloride. 

Example : 

ItM) cc. of shallow well water required i2'4r cc. of standard 
silver nitrate solution. 

Check 10(1 cc. required cc. 

Since 1 cc. of Ntandard silver nitrate— *001 grm. of chlorine, 
there was grrns. of chlorine present in lOO cc. of solution 

= 42*0 parts per lO(>jOO0. This sample was contaminated by 
sewage. 

Solution of brine and sea-water may he titrated by the above 
method, and will form useful exercises for the student. 


ESTIMATION OF CHLORINE IN COMMON SALT OK 
SOLUBLE CHLORIDES BY PRECIPITATION 
METHOD. 

Weigh out about ()*()S grms. of the dried specimen, and transfer 
to a stoppered bottle of about 2<H) cc. capacity. Dissolve in about 
lOO cc. of water, and add the silver niti*ate solution 1 cc. at a time, 
placing the stopper in the bottle and shaking well after the addition 
of each cc. The precipitate of silver chloride formed will by this 
means' settle readily to the bottom of the bottle, leaving the liquid 
clear. This process is repeated until a given cc. of liquid reagent 
ceases to produce a cloud in the solution, when the reaction has been 
completed. A second estimation is now made, running in the whole 
amount previously used, less cc., at one operation. The silver 
nitrate is now added drop by’ drop, shaking between each drop again 
being resorted to, until a given drop is seen to produce no precipitate, 
when the reading of the burette may be taken. 

By preparing a standard solution of common salt equal in 
strength to the silver nitrate solution (an operation the student 
should now be able to perform), the reverse of the above process 
may be used, and the amount of silver in a solution estimated by 
running in the standard salt solution. An excellent exercise for 
this purpose is to estimate the silver in a silver coin, by dissolving a 
weighed quantity in nitric acid, and adding the standard salt solution 
in precisely the same way as the silver nitrate is used in the precipi' 
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tation process. A convenient quantity of the coin to take for the 
purpose is about 0‘1 grm. ; or about 'o grm. of the coin may be 
dissolved in nitric acid in a beaker, the solution transferred to a 
cc. flask, and water added to the mark. After mixing, 50 cc. 
may be withdrawn with a pipette for titration, and the result checked 
by repeating the process on another 50 cc. 

Any doubt cOs to whether the reagent has been added in excess 
may be decided by adding the converse reagent drop by drop. The 
first drop should produce a slight precipitate, the second nil. If the 
end reaction has been considerably exceeded the amount of converse 
reagent required to react with the excess must be deducted from the 
amount of solution used. 


Examiule : 

*5 grnis. of a silver-copper alloy were dissolved in about 5 cc. 
of strong HNO 3 , the solution and washings transferred 
to a measuring flask and diluted to '!*)<) cc. 


5i) cc. of this solution was transferred by a pipette to a bottle, a 
little water added, and standard salt solution run in as above 
described. Since ev^ery cc, of solution contained ’001 grm. of 

•001 X lOS 

chlorine, the silver equivalent of 1 cc. would be — ^=^ 7 ^ =-003042 

grms. of silver. 

1st, 50 cc. required 24*0 cc. of standard salt solution. 

2ndly, 50 cc. required 23*S cc. of standard salt solution. 

Since one-fifth of weighed amount was taken, the silver present in 

total amount taken = 23-S x *003042 x 5 = •3(>2 grms. 

. 0*.3fi2x]0O ^ ^ c *1 

Calculating as a percentage — — = i 2*4 per cent, of silver in 

alloy. 


PREPARATION OF A DECT-NORMAL SOLUTION OF 
POTASSIUM DICHROMATE. 

K.,Cr.,Oj. , ^ r . ^ 

— =4-01o grms. per litre. 

When potassium dichromate reacts on a ferrous salt in the presence 
of an acid, the latter is oxidised to the ferric state, as may be 
expressed by the following equation : 

K,Cr, 0 , 4 - GFeSO, + 7H,SO, = 3Fe,(SO,)3 + Cr,(SO ,)3 + K,SO, + 7H,0. 

As in the case of the permanganate solution, the amount of salt 
required must be calculated from the amount of available oxygen in 
the salt. The molecule K^CrgOy contains three available atoms of 
oxygen ; and as oxygen is divalent, a normal solution would be 
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K Cr O, 

represented by the weight ' g ^ P®** a deci-nonnal by 

K Cr O . • « ^ 

— ^ = 4*1) la erms. per litre. The deci- normal solution or this 
bO 

salt is found to be fbe most convenient strength in practice. To 
prepare the solution a quantity of potassium dichromate crystals 
are fused gently in a porcelain crucible, so os to completely expel 
water. It is removed from the crucible, crushed and powdered, and 
d'ln.') grms. weighed out carefully. The w^eighed quantity is then 
dissolved in water in a beaker, the contents and washings poured 
into a litre flask and water added to the mark. After mixing in the 
usual ^vay the solution may be standardised as follows : 

About 0*2 grin, of cleiin annealed iron wii-e (which contains 
per cent, of iron) are placed in a flask of about loO cc. capacity, 
and oO cc. of dilute sulphuric acid poureil in from a mcirsuring 
cylinder. A watch glass of slightly larger diameter than the rim is 
placed over the flask, w^hich is then warmed until the whole of the 
metal has dissolved. The solution is immediately poured into a 
beaker, the flask washed with boiled distilled water and the wash- 
ings added, and the bichromate solution rnn in from a burette. 
The colour of the bichromate turns from yellow to green on entering 
the liquid, but the end reaction is not visible in the solution. An 
indicator is found, how’ever, in potassium ferricyanide, w hich gives a 
deep blue colour with a ferrous salt, but no such colour with a ferric 
salt. The ferricyanide, however, must not be introduced into the 
liquid undergoing titration, but a freshly prepared solution is spotteil 
over the surface of a white tile, and after each addition of bichro- 
mate a drop of the liquid is removed by a glass rod and allowed to 
fall on a spot of ferricyanide. As soon as a given drop of the 
solution ceases to cause a blue colour in the indicator, the reaction 
is complete, all the ferrous salt being completely converted into 
ferric. The last 2 cc. of solution should, as usual, be run in cau- 
tiously, drop by drop, and the liquid tested after each addition. 


Example : 

0*212 grins, of pianoforte wire were dissolved and titrated 
as above described, and required cc. of bichromate 

solution. 

Iron actually present in sample = *212 x 01)7 ==*:? 11 gi^* 

• 211 :> 

1 cc. of solution ~ O-OOo*) grm. of iron. 

lu'i ® 

The solution was therefore strictly deci-normal. 


ESTIMATION OF IRON IN PIG-IRON, STEEL, etc. 

The previous description of the treatment of the iron in standard- 
ising the bichromate solution will suffice to show how these estima- 
tions may be performed when a standard solution of bichromate i^^ 
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at hand. The result may be checked by titrating another sample 
with the ^ potsissium ^rmanganate, the preparation of which 
hajS been described. It is advisable to heat the acid strongly in 
dissolving pig-iron, as the carbon present may otherwise form com- 
pounds which vitiate the result. 

In the case of iron ores, where hydrochloric acid is used to 
dissolve the compound, the use of permanganate is inadmissible; 
the bichromate, how'ever, succeeds equally well in this case as when 
sulphuric acid is employed. When the iron in ferric compounds is 
to be estimated, the solution must be reduced to the ferrous state 
by metallic zinc or sulphur dioxide. 

It should be remembered that in all titrations in which perman- 
ganate or dichromate are employed, the acid present takes a part in 
the process, and should be present to such an extent as to render 
the solution about normal (N) in acid strength. 

SIUCON in iron. — Cast-irons sometimes contain a consider- 
able amount of silicon. When these irons ai-e dissolved in an acid, 
HCI, some of the silicon becomes oxidised to a hydrate of SiO^, and 
in some cases silicon it*self may be separated along with graphitic 
carbon. 

Before commencing the analysis of a cast-iron for silicon and 
carbon, some idea of the approximate amount present is generally to 
be obtained. Weigh from 2 to r> grms. of the iron in fine turnings 
into a beaker, cover with a clock glass and add N HCI in quantities 
of about 10 cc. at once and at inteiwals as the action slackens ; warm 
gently. When the action has nearly ceased add 5 cc. N'HNOg and 
10 to 20 cc. of 5 N*H.,S 04 and heat on a steam or water bath until 
nearly all the liquid has evaporated. This will take some time. All 
the HCI and water will go off, leaving a moderately concentrated 
sulphuric solution. This will completely dehydrate the silica. Now 
add about 5 cc. strong HCI, warm gently, and then dilute with hot 
water. The object is to get all the iron into solution as chloride 
and sulphate. 

Filter off the black residue, which consists of graphitic and 
amorphous carbon and silica. 

Wash thoroughly with hot dilute HCI and then hot water, place 
the wet, but drained, filter paper in a platinum crucible and ignite 
for some time in the mufiie or over the blowpipe. The residue 
should be nearly white. If still grey or black some graphitic carbon 
may still be present. Sometimes this may be burnt off by heating 
the crucible and blowing in a very gentle stream of oxygen from 
the oxygen bottle. As a rule, howev’er, the carbon burns ofl: com- 
pletely after heating for some time in the muffle with a good air 
draught. 

CARBON in cast-iron or steel can also be estimated by burn- 
ing to GO.J and absorbing in KHO or in soda-lime, as in the case of 
organic substances (see p. 272). ^ i e 

Very little apparatus is needed for this analysis. A supply ot 
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oxygen, a combustion-tube about 12 inches long anil g or i in. 
diameter, a drying and absorbing arrangement, u porcelain boat. 

The east-iron must be in tine turnings or filings. Weigh the 
porcelain boat, which should be carried in the test-tube cairier, half 
fill with the iron aiulNveigh again, now cover the iron with as much 
lead chromate, PbCrO^, as the boat will hold, pressing it down 
tightly and cleanly on the iron. Anange the U-tubes as in 
Fig. 'M (only the KOH, or soda-lime, tube is weighed), 
the boat and allow a gentle stream of oxygen to llow througli. 
Then heat up the tube under the lx>at, at first witli a large Bunsen 



flame until the lead chromate melts, and then, if possible, assist vith 
a large blov; pipe tlaine. The iron should glo\v l>i ightly tpnte through. 
The end can be seen pietty distinctly, as when the iron and carlun 
are fully oxidised the contents of the boat cease to gh>w or appear 
any hotter than the glass tube. Allow the oxygen to jtas'- thrc-ngh 
for at least ten minutes after this. Detacii the CO., absorj)tion-tui c 
and weigh. Calculate as before; of the gain in weight )s C. A 
boat made from platinum foil will do for many experiments, wlieieas 
a porcelain one will only serve once. 

Carbon is also present in carbonates, in which case it is gene- 
rally liberated a.s CO, by an acid as JlCl or IINO3 and absorbed in 
some alkali. 

CO, can also be estimated by ‘‘loss” — that is, when a carbonate 
is treated with a weighed cpumtity of acid, and the CO, only is 
permitted to escape and the remaining salt w’ei<:hed. 

Schrcetter’s apparatus is the most elegant for this j)urpose, but 
an apparatus to serve the same pin pose can most easily be 
constructed from a small flask or wide mouth weighing bottle, a 
glass tube with stopper and bulb, and a drawn out test-tube (see 
Fig. o 7 ). 

The small ImlVj is charged with 1IN03 IICl, half acid, half 
water, the drawn out test-tube with small pieces of diy calcium 
chloride. It should be a rubber stopper. The whole apparatus 
is weighed, and then 1 to 2 ^rms. of the carbonate placed in the flask 
and weighed again. The acid is now allowed to flow very gradually 
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into the flask; 00^ is evolved and is dried by the CaCl^ before 
escaping. Towards the end the flask is gently warmed and a very 
slow current of (dry) air drawn through for a few minutes only to 



Fig. 37. 


remove the CO., still in the flask and tube. This can be done by 
attaching a tube at a to draw by, and another at c, the latter being 



Fig. 38. 


connected to a U-tube with CaCh or H^SO^. The loss of weight at 
the third weighing — CO^. 

HVDROGEN SULPHIDE is liberated not only when sul- 
phides, as FeS or Sb^Sg, are dissolved in acids as HCi, but also when 
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some metals, as iron, &c., which contain sulphuv in some form, possibly 
as dissolved sulphides (?), ax*e acted upon by acids so that hydrogen 
m generated. 

Cast-irons generally contain some sulphur, and when these irons 
are dissolved in HQl the sulphur escapes with the hydrogen, pre- 
sumably as SHg. This gas, on coming in contact with bromine and 
water or alkaline permanganate solution, is oxidised, the sulphur 
forming sulphuric acid, which can be converted into barium sulphate. 

The amount of sulphur in irons and other metals is genemlly very 
small. The appirratus (Fig. :>8), in which the metal can be dissolved, 
and any evolved sulphur compound caught, almost explains itself. 

Several grms. of the substance aro w'eigbed into c, the tube f is 
lifted out of the acid in 6, and a current of hydrogen sent through 
the whole apparatus so as to expel air. Tlien the tube f is lowered 
into the acid in 6, so that the hydrogen drives some liquid HCl over 
into the substance-flask, a little at a time, which can be regulated by the 
screw clip on f. The tube,/* slides easily through the cork of the flask. 
The gas should not pass quicker than two or three bubbles per second 
through rf, which contains bromine dissolved in HCl, in which it is 
more soluble than in water alone. When all the substtance is dissolved 
a gentle heat may be applied to c, and the gas thoroughly expelled by 
the hydrogen current. Any excess pressure of hydrogen is regulated 
by the escape tube e, which dips into half an inch of mercury or a few 
inches of water. 

After the action is complete the contents of d are washed out 
into a beaker and the H.,SO^ precipitated by BaCl.^, and treated as 
under or barium. 

Sulphides may sometimes be treated in this manner. If the 
weighed sulphide, as PbS, be mixed with zinc in the flask c the 
sulphvir is more completely and c|uickly removed as SHg. Only 
very small quantities need to be taken for this method. 

NITROGEN in nitrates and nitrites, whether mineral or 
organic, is most easily and quickly estimated by the nitrometer 
method, w’’hich depends essentially on the leduction of HNO3 or 
HNOg to NO, nitric oxide, by mercury. A nitrate or nitrite of a 
metal or an organic i*adicle is decomposed by strong sulphuric acid 
in contact with mercury, so that the liberated HNO3 acts at once 
on the metal. 

For instance : 

2(KN03) + = K.80, -f 2HNO3, 

and the liberated HNO3 commences to act on the mercury in this 
sense, 

8HNO3 + '^>HgNp, H- 4H3O -f N3O3, 

but of course the HgN^Og does not exist for long in the presence of 
the strong but Incomes HgSO^ and HNO3, the liberated 

nitric commencing another course of decomposition* 

The instrument is a graduated tube (a in Fig. 39), of about 100 cc. 
cap^ity, with a two-holed stopcock. The lower end is joined by stout 
rubber tube to c, which is not graduated and should be quite as wide 
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as the measuring tube. The measuring tube is filled to the stopper 
with mercury, which, however, should only stand at about d in the 
tube 6. The holes in the stopcock should be at least 5 mm. in 
diameter. The two tubes can be held in any con- 
venient stand, or suspended by a strong cord, Ihe 
ends fastened to each tube and passing over a bar or 
hook in a shelf or other support. 

To use, fill with mercury, as above, and have 
the cup at top of a dry. Take about -03 grm. 

KNO 3 for the first experiment. Introduce the 
nitrate and then 2 cc, of strong H^SO^. Turn the 
tap quickly so that nearly M the acid and the 
nitrate swimming in it enters the tube ; then add 
another 2 cc. of acid and admit similarly so that it 
takes the remainder of nitrate with it ; repeat the 
addition of smaller quantities of acid three or four 
times so as to wash all the nitrate into the tube. 

This operation should be done as quickly as possible, 
but the greatest care must be taken not to let any 
air in. A little acid must always remain in the cup. 

Now put a cork loosely in the cup, take a from its 
support and shake briskly, holding by the cup and 
stopper with one hand and by the point of junction 
with the rubber tube with the other, by a rapid side- 
ways motion. The acid must nev&t' come as low as the Fig. 39. 

rubber junction. After shaking an action will be 
visible and gas will collect. Shake at intervals of five minutes until 
no more gas bubbles appear and the acid becomes clear. 

Measure the length of the acid column on the top of the mercury, 
which is easiest done by counting the divisions it covers on the 
tube. Now bring tube b close alongside so that the top of the 
mercury is level with one-seventh of the height of the acid 
column.* Do not handle the gas tube but clamp them both up ; 
hang a thermometer close to and read off the number of cc. of gas 
after standing for twenty minutes. One litre NO weighs 1*3417 
grm. (nearly) 1 cc. = *001342 and of this y^-ths is nitrogen, since 
NO=14-f-l(> = 30. Barometer and temperature must be read off, but 
there is no correction for moisture as the H^SO^ keeps the gas dry. 

A general method of estimating nitrogen, applicable to all kinds 
of nitrogen compounds (provided they are not very explosive), is to 
burn in a vacuum tube with copper oxide and catch the nitrogen gas 
in a measuring tube. A Sprengel mercury pump is indispensable. 

If V = observed volume of gas 1 

P = „ pressure I Then 

t®= temperature 

a = Coefficient of expansion = *00366 760 (1 4- at). 

V' = Corrected volume / 

1 cc. NO at NT and P = *001342 grm. and is equivalent to *00282 HNO,, 
•000627 N, and *00452 KNO3. 1 cc. N at NT and P weighs *001242. 

* Strong sulphuric, being nearly twice as heavy as water, is about one- 
seventh as heavy as mercury. 
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The substance is weighed from a bottle on to a piece of copper foil 
or into a mortar and mixed with CuO in moderately fine powder. 
This mixture is then introduced into a piece of combustion tulx^ of 
about 12 inches long, closed at one end. The mortar or piece of copjjer 
is washed by small (fpantities of granular oxide of copper until the 
tube is three-fourths filled with this granrdar oxide. This niu.st be 
well shaken down to the closed end, and then a plug of copper made 
by rolling up copper foil into a cyliirder just large enough to enter 
the tube, inserted. The cylinder should bo about 2 inches long. 
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The tube is now drawn oil’ so as to fit the Hpreii^jr^i pump tube. 

Fig. 40. 

The pump is set in action and the tidie evacuated, the portion 
of the tube containing the copper foil cylinder being at the same 
time heated to redness. After a complete vacuum is obtained, the 
gas collecting tube is filled or half filled with strong KIIO solution 
and inverted over the pump end. The pump is stopped and the 
heat extended backwards to the portion containing the CuO, and 
when this is red hot to the substance. Water and gases will i^ow 
come off ; when the whole tube has been thoroughly red hot for ten 
minutes and gases cease to e.scape into the collecting-tube, the pump 
is again set in action until a vacuum is obtained. 

The tube is now removed by putting a small ciaicible under the 
open end and transferred to a tall cylinder full of water. The strong 
potash solution and any mercury falls oi;t and become replaced by 
water. The tube is held so that the watex* inside and oxit is level 
and the number of cc. read off, along with temperature and pressure. 

As the collected nitrogen is measured over water, the tension of water 
vapour at the temperature must be deducted from the barometer I'eading. 
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Let w = this tension of water vapour. It is = !>‘2 mm at 10’ C and 12-7 at 
150’ C. 

''' ^ 7G0 ‘ ^ •0012AG, the corrected 

volume, V', must be multiplied by this to get the weigljt of nitrogen. 

ELECTROLYSIS — A number of salts may be decomposed 
by an electric current and the contained metal deposited in such form 
that it can be weighed without much difficulty. 

One of the easiest examples of this method of quantitative analysis 
is the decomposition of copper sulphate. 

Fig. 4:1 shows the arrangement. The salt should lie weighed 
in the platinum dish or crucible and dissolved in a small amount 



Fig. 4U 


of water. The current enters by the spiral of platinum wire, and 
on the stand is a piece of platinum foil, or sheet copper, to which 
the return wire is connected. Two or three Bunsen cells, or their 
equivalent, are quite enough current ; in fact, the slower the metal is 
"deposited the more coherent it is. 

When the solution has become decolorised, test by taking a very 
small drop, with a rod, on to a plate and adding a drop of potassium 
ferro-cyanide solution. When no appreciable brown colouration is 
visible, pour the solution carefully into a white dish to see that no 
particles of metal are carried away and wash several times, b}’’ 
decantation, with alcohol ; dry rapidly in the oven till the alcohol 
has evaporated and weigh. 

If too strong a current be employed the copper is liable to come 
down in powder and this oxidises very rapidly during the drying. 

Almost any soluble copper or silver salt electrolyses well, but 
some metals as nickel require an alkali salt, as ammonium or 
potassium oxalate or sulphate, to be present in order to tako up the 
liberated “ ion SO.. 
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REACTIONS OF THE RARE ELEMENTS. 

Metals are termed rare either when they occur in nature, as far as 
is known, to a limited extent and for the most part only in certain 
minerals and in certain localities, or are not applied technically in 
any way. Some of the heavy metals, possessing very little affinity 
for oxygen, such as palladium, rhodium, o-smium, ruthenium, and 
iridium, are found native, and associated with platinum and gold. 
Others are found in combination with oxygen, such as titanium, 
uranium, tantalum, and niobium ; with .sulphur or arsenic, such as 
tungsten or wolfram, molybdenum, vanadium, thallium, indium, and 
germanium. 

The rare elements usually classified among the so-called light 
metals, having a specific gravity for the mo.st part of le.ss than ■'>, 
and yielding insoluble oxides which are mostly .specifically heavier 
than their metals, such as glucinum, zirconium,* thorium, cerium, 
lanthanum, didymium, yttrium, erbium, are chietiy met with in 
nature as oxides in combination with .silica (sometimes combined 
with titanic, niobic, and tantalic acid.s) ; and lastly, the metals of the 
alkali group, who.se oxides po.sses.s the most pronounced basic cha- 
racter and are soluble in water, such as lithium, rubidium, and 
caesium, are chiefly met with a.s .salts — carbonates, phosphates, or 
silicates, sometimes in a soluble condition in sea-water or in mineral 
springs as chlorides. 

As fast as these metals become u.seful the term rare as applied 
to them will become defunct, recent research showing that many of 
these elements are much more widely distributed than was formerly 
supposed. Yttrium, for instance, according to Sir W. Crookes, 
seems to be very widely distributed. 

It is, of course, not pretended that more than an elementaiy idea 
of the treatment of the rare metals or minerals containing them, ia 
here given. 

More advanced students should be exercised, when possible, on 
mixtures containing some of these rare metals as well as the more 

* It is high time some systematic nomenclature of these elements wa.^- 
settled upon. “ Zirconium ” is not more “ metallic ” than carbon, and all the 
members of this group might have a similar ending to their names ; as carbon, 
silicon, zircon, titanon, thoron. Tin would be difficult to alter and retain 
euphony. 
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ordinary. They may be worked with the tables given in the text, 
or better, the student should construct modified tables to suit the 
altered conditions. 

The following is the analytical position assigned to these metals 
by the various group-reagents ; 

Group I. Frecipitated hy HCl. — Tungsten, as tungstic acid ; 

niobium, as niobic acid ; thallium, as chloride. 
(Tantalum, as tantalic acid, and molybdenum, as 
molybdic acid, are soluble in excess of HCl.) 
Group II. Precipitated hy SII^ from a HCl solution, as sul- 
phides : 

(A.) loisoluble in yellow ammonium sulphide : 
palladium, rhodium, osmium, and ruthe- 
nium, and thallium in thallic salts. 

(B.) Soluble in yellovj ammonium sulphide : Gold, 
platinum, iridium, molybdenum, tellurium, 
selenium, and germanium. 

Group 111. Precipitated by NUfil, NHfiH, and : 

Uranium, indium (thallium), gallium, as sul- 
phides ; glucinum or beryllium, thorium, zir- 
conium, cerium, lanthanum, didymium, yttrium, 
ytterbium, scandium, erbium, titanium, tantalum, 
samarium, and niobium, as hydrates. Vanadium, 
precipitated as sulphide, on adding HCl to the 
filtrate. 

Group IV. None. 

Group V, Lithium, caesium, and rubidium. 


METALS OF THE ALKALIES. 


The alkali metals, caesium, rubidium (potassium, sodium), and 
lithium are remarkable for their highly electro-positive character, 
the powerfully alkaline nature of their oxides and hydrates, and 
the very general solubility of their salts. Caesium appears to be 
the mast highly electro-positive member, whilst lithium shows the 
least electro-positive character. They exhibit analogous grada- 
tions in their respective combining weights, fusion -points, specific 
gravity, action upon water, and the solubility of their carbonates, 


thus : 

Atomic weights 
Fusion-points . 
Specific gravity) 
at 15" C. / 
Action of the] 
metals upon [ 
water . . ) 

Solubility of] 
the respective [• 
carbonates . j 


Caesium. 

Rabidium. 

133 

85 5 

Below 38*5° 

38 5“ C. 


1-516 

Decomposes 


water in the cold, 
the hjdrogen be- 
coming inflamed. 

Do. 

Rb^CO, 

CSoCOj 


Potassium. 
39 1 
62-5" C. 

•865 


Do. 

ILCO3 


Highly deliquescent, absorbing 
water speedily from the air. 


Sodium. Lithium. 
23 7 

96" C. 180" C. 

*97 -59 

Do., but does Do., but 
not generally with less 
inflanie the violence, 
hydrogen. 

Na^COs LijCO, 

Not Difficultly 
deliques- soluble in 
cent. water. 
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Lithium, in fact, appears to form the connecting link between the 
alkali metals and the metals of the alkaline earths.^ This is shown 
more especially by the comparatively insoluble nature of its phos- 
phate and carbonate. 


REACTIONS OF THE RARE METALS OF THE 
ALKALI-GROUP. 

1. CAESIUM, Cs'. Atomic weight, Lj2*r)S. — Occurs in very 
small quantities in many mineral waters, as chloride, and in a few 
minerals (Lepidolites) : in large quantities in the rare felspathic 
mineral, Pollux, found in Elba, said to contain 'M per cent, of 
caesium. 

Both caesium and rubidium w^ere discovered by Bunsen and 
Kirchhoft' in ISho, whilst examining spectroscopically the saline 
residue left on evaporating large quantitievS of the Diirkhcim mineral 
water. The hydrate, CsHO, is very soluble, both in water and 
alcohol, and very strongly alkaline. The carbonate, Cs^COg, resembles 
potassium and rubidium carbonate, but is soluble in five parts of 
boiling alcohol. (Distinction from K^,COg, NaL' 03 , and RbL^J^, 
which are practically insoluble in alcohol.) 

DRY REACTIONS. 

When heated on platinum wire, in the inner flame of the blowpipe, 
volatile caesium salts impart an intense sky-blue colour to the outer 
flame. (Hence the name of the metal, from caesius, sky-blue.) 
When examined with a spectroscope, two intensely sky-blue lines. 
Csa and Cs/3, close upon the strontium line, SrS, are seen (together 
with various other less distinctly visible lines in the orange, yellow, 
and green). 

REACTIONS IN SOLl'TION. 

Any salt will give the reactions. 

PtCl 4 produces a light yellow crystalline (octahedral) precipitate 
of the double chloride of caesium and platinum, ^CsCljPtCl^, very 
difficultly soluble in boiling water — -377 part in 100 of water. The 
corresponding potassium platinic chloride is dissolved by repeated 
treatment with boiling \vater. 

Tartaric acid produces a colourles-^transparent crystalline precipi- 
tate of hydrogen caesium taii/rate, THCs ; about eight times more 
soluble in water than the correwsponding rubidium salt. 

Method t^eparation of Cs from lih, — SnCl^, added to a solution 
of the chlorides of Na, K, Li, Rb, and Cs, containing free HCl, forms 
a heavy white precipitate, consisting of nearly pure caesium stannic 
chloride, 2CsCl, SnCl^. By recrystallisatiori from a hot hydrochloric 
acid solution, the crystals are obtained pure. This reaction affords 
an easy method of detecting caesium in a mixture of the alkaline 

elements^^^^ connection study the periodic recurrence of the functions of the 
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chlorides. A hydrochloric solution of SbCl 3 acts similarly, by pre- 
cipitating a crystalline double chloride of Cs01,SbCl3. The precipitate 
is decomposed by water, but can be washed without decomposition 
with concentrated HCl. The other alkaline chlorides (K, Na, and 
Rb) are not precipitated from moderately dilutessolutions. 

2. RUBIDIUIME, Rb\ Atomic weight, 85*25. — Occurs widely 
diffused in nature. It is met with, although only in very small 
quantities, in a large number of minerals, in Lepidolites and in mineral 
waters, likewise in the ashes of many plants, such as tobacco, coffee, 
beetroot, &c.* The metal is obtained, like potassium, by heating the 
carbonate with carbon. It is white, more easily fusible and con- 
vertible into vapour than potassium, and takes fire spontaneously in 
air. Its oxide rubidia, ORU,, is a powerful base, and its salts, like 
the corresponding caesium salts, are isomorphous with those of the 
metal potassium. The hydrate, RbHO, is strongly alkaline, and 
very soluble in water and alcohol. The carbonate, Rb.,C 03 , ^ 

deliquescent salt, insoluble in alcohol. 

DRY REACTIONS. 

Volatile rubidium salts, when heated on a platinum wire in the 
inner blowpipe flame, colour the outer flame dark red (hence the 
name rubidium, from rubiditSy dark red). When examined spectro- 
scopically, two dark red lines, RbS, and Rby, on the extreme left of 
the solar spectrum and close to the potassium line, together with two 
distinctly violet lines, and several weaker lines in the yellow, readily 
distinguish rubidium compounds. 

REACTIONS IN SOLUTION, 

Any salt will give the reactions. 

PtOl^ produces a light yellow crystalline (octahedral) precipitate 
of rubidium platinic chloride, 2 RbCi,PtCl 4 , very difficultly soluble in 
boiling water. The solubility of the double chlorides of platinum 
and potassium, rubidium, or caesium is respectively as 5*18, *634, and 
•377 in 100 parts of boiling water. (Method of separation of Kfrom 
Rb and Cs.) 

Tartaric acid yields a white precipitate of hydrogen rubidium 
tartrate, THEb, which is soluble in 10-3 parts of water at 25 ""C. 

Rubidium and caesium resemble potassium, also, in forming alums, 
which differ considerably in their solubility in water. t 100 parts of 
water at 17° C. dissolve 13*5 parts of potassium alum, 2*27 of 
rubidium — and only *62 part of the caesium-alum. 

Separation of Caesium from Rubidium , — The platinum salts are 
first prepared ; and after having been gently heated in a current of 

* It is just possible that the fertility of some soils for certain species of 
plants may be influenced by the presence of salts of these metals., 

t Recent work shows that rubidium, in its salts, stands between potassium 
and caesium in general properties ; and that all these alkali metal salts are 
isomorphous. — Tutton, C.S.J. : Alums of Cs.Rb.K. 
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hydrogen, the CsCI and RbCl can be separated from the metallic 
platinum by hot water. The two chlorides are next converted into 
carbonates by digestion with Ag,CO,. The solution can then be 
evaporated to dryness, and the CsjCO, extracted with boiling alcohol, 
RbjCO, being insoluble. Or the carbonat^ may be converted into 
acid tartrates, by adding to the solution twice as much tai-taric acid 
as is necessary to neutralise it. The two tartrates are separated by 
fractional crystallisation, hydrogen rubidium tartrate crystallising 
out first, being about eight times less soluble in water than the 
corresponding caesium salt. On ignition, the pure tartrate yields 
again the carbonate, from which the various salts may then be 
prepared. 

3. XJTHZI7M, Li'. Atomic weight, 7 *0 1 . — Appears to be widely 
diffused in nature, although it is found in quantity only in a few 
silicates ; lithia mica or lepidolite (2 to A percent, of Li), in petalite 
and spodumene, and in a few phosphates, such as triphylline, or 
ferrous [manganous] lithium phosphate, •>Fe 3 Pj 0 g,Li 3 P 04 (with to 
4 per cent, of Li), and amblygonite (b to per cent, of Li). - It has 
also been found in many mineral springs — most abundantly as yet in 
a mineral spring in Cornw'all — in sea-water, in the ashes of various 
kinds of tobacco and other plants, and in some meteorites. 

The metal lithium is much less oxidisable than potassium and 
sodium. It makes a lead-grey streak on j)aper. Wheq freshly cut 
it has the colour of silver : but it tarnishes quickly on exposure to 
the air, becoming slightly yellow. It is harder than potassium 
and so^um, but softer than lead. It -floats on ix>ck oil, and is the 
lightest of all known solids, its specific gravity being only •ijiK It 
decomposes water at the ordinary tempex’atures, with evolution of 
hydrogen, forming lithium hydrate, LiHO, but does not melt, and it 
ignites in air only far above its melting point (180 ' C.). The oxide, 
OLig, is not deliquescent. The metal is prepared by passing a 
powerful galvanic current into fused lithium chloride. 


DRY REACTIONS. 

Lithium salts are more fusible than potassium or sodium salts 
and impart a very distinct carmine-red colour to a non -luminous 
flame, when heated on platinum wire. An excess of potassium salt 
does not materially interfere with the production of this colour ; but 
the presence of a small quantity of soda gives rise to an orango 
yellow flame. Lithium phosphate requires to be moistened first 
with hydrochloric acid. Silicates containing lithia must first be 
decomposed by means of strong sulphuric acid, or by fusion with 
calcium sulphate, or by treatment with hydrofluoric acid. By means 
of the spectroscope the occurrence of very minute traces of lithium 
may be readily detected by a brilliant crimson band, Lia, between 
the lines B and C, and sometimes a faint yellow line, if the flame of 
a good Bunsen burner be employed. 
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REACTIONS IN SOLUTION.’ 

Use a solution of lithium chloride, LiOI. 

PtOl^ produces no precipitate. 

HNa,PO^ (hydrogen disodium phosphate) — ^but not the corre- 
sponding potassium salt — ^produces on boiling a frhite precipitate of 
, lithium phosphate, 2Li3PO^ + OH„ very little soluble in cold water 
(250 parts), soluble in HOI, and reprecipitated only, on boiling, after 
neutralisation with NH^OH. 

Lithium carbonate, especially after having been fused, is diffi- 
cultly soluble in cold water, hence alkaline carbonates yield from 
concentrated solutions of lithium salts a crystalline precipitate of 
lithium carbonate, Li^COj (1 part of the carbonate requires 100 parts 
of cold water for its solution, but less of boiling water). It is 
insoluble in alcohol. When fused for a short time on platinum the 
metal shows signs of corrosion, after washing. 

Hydrogen lithium tartrate is soluble in water. 

Lithium sdicofluoride is almost insoluble. 

Separation of Lithium. — Prom potassium, as well as caesium and 
rubidium, it may be separated by means of PtOl^. From sodium, by 
converting the two alkalies into the chlorides, evaporating to dryness, 
and treating the dried chlorides in a stoppered bottle with a mixture 
of ether and absolute alcohol. In the course of a few days the LiOl 
will be found dissolved out, NaCl (like KOI) being insoluble in 
absolute alcohol and ether. 

Extradition of Lithium from TriphyUine or Lepidolite. — Dissolve 
the powdered mineral in HCl, with a little HNOj (in order to 
convert Fe" into Fe*''), neutralise with NH^OH, when Fe^P^Og and 
Mn^PjOg are precipitated. The solution, on filtering, may contain 
some more phosphoric acid, which may be removed by adding BaS, 
and filtering off the precipitated HBaPO^. On removing the excess 
of BaS, with a few drops of H,SO^, and evaporating the filtrate, and 
driving off the ammonium salts by gentle ignition, lithium chloride 
is left. The hydrate may be prepared from this by evaporation 
with sulphuric acid to obtain Li^SO^, and the addition of Ba(HO)j, 
and filtering. The excess Ba(HO)j is next cautiously removed from 
the filtrate by means of H^SO^. On evaporation, white crystalline, 
strongly alkaline lithium hydrate, LiHO, is left. 

REACTIONS OF THE RARE METALS OF GROUP III. 

Group III. comprises the Rare Metals, Uranium, Indium (Thal- 
lium), Glucinum, Thorium, Zirconium, Cerium, Lanthanum, Didy- 
mium, Titanium, Tantalum, Niobium, Yttrium, Erbium, Terbium, 
Samarium, and Vanadium. 

As it is extremely difficult to obtain the salts of these metals in 
a pure state commercially, and as the price charged for them puts 
them out of the reach of most students, it will be preferable to 
sketch out briefly how some of their minerals can be made to furnish 
the several salts. 
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(A.) Bare metals precipitated by the giroup-reagents, ammoniuia 
chloride, hydrate and sulphide, in the form of oxides (hydrates). 

Besides the metals aluminium and chromium, already treated of 
in the main portion of the book, there are : 

1. BERYUiiUM (Glucinum), Be". Atomic weight, 9-2.-- ' 
This metal occurs only in a few minerals as a silicate^ in phenacite, 
Bej,SiO^, combined with aluminium silicate ; in beryl, Be^Al^SigO^g, 
and in smaragdite, in euclase, and some other rare metals, such as 
leucophane. 

The metal is obtained, like the metal aluminium, from its 
chloride. It is white and has a specific gravity of 2*1. It resembles 
zinc and aluminium in dissolving in HCl, as well as KHO, with 
evolution of hydrogen. Its oxide is a white powder, insoluble in 
water. It may be prepared by fusing the finely powdered native 
silicate with four times its weight of fusion-mixture, decomposing 
the mass with HCl and evaporating to dryness to separate the SiOg. 
From the HCl filtrate both the Al^Og and BeO are precipitated by 
means of ammonia. On boiling the precipitate, however, for some 
time with ammonium chloride, NH3 is evolved, and beryllium is 
dissolved out as chloride, BeCl^. The insoluble Al2(lIO)g remains 
behind. The pure gelatinous hydrate, Be(HO)„ can then be precipi- 
tated from the filtrate by means of ammonium hydrate. On igni- 
tion it yields the white anhydrous oxide, BeO of speeitic gravity 8*08. 

From the oxide the salts may be obtained by dissolving in the 
respective acids. Glucina (beryllia) combines both with acids and 
bases. Its salts are colourless, and of a sweet, slightly astringent 
taste ; they show an acid reaction. 

DRY REACTIONS. 

Beryllium compounds give no characteristic reactions in the dry 
way. BeO and 00(^03)3 yields a grey mass when heated on 
charcoal. 

REACTIONS IN SOLUTION. 

XJse a solution of beryllium sulphate, BeSO^. 

The group-reagents, NH^HO and (NH as well as the fi^ed 
caustic alkalies and alkaline earthy bases, precipitate beryllium 
hydrate, Be^HO), (flocculent), soluble, like Al5,(HO)g, in excess of 
the fixed alkalies, but not in ammonia. On boiling, Be(HO)3 is 
almost completely reprecipitated from a dilute NaHO or KHO 
solution, (Distinction from AIJJO3.) Like AI3O3, it is reprecipitated 
also on the addition of ammonium chloride. 

(NH^)2C03 gives a white precipitate of basic beryllium carbonate, 
freely soluble in excess, reprecipitated as basic carbonate on 
boiling. (Distinction from AI3O3.) 

Na^COj or K3CO3 precipitates likewise white carbonate, soluble 
only in large excess of the precipitants. 

BaC03 precipitates beryllium completely, even in the cold. 

Besides these characteristic reactions, may be mentioned the 
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difficultly soluble double sulphate, K,SO^,BeSO^ + SOH,, which the 
readily soluble beryllium sulphate forms, when mixed with potassium 
sulphate solution. 

Sej^aiion of Alfi^ from BeO . — Dissolve in HCl; pour slowly, 
and with continued stirring, into a warm concentrated solution of 
(NH^jCOg. A precipitate forms, consisting of Alj(HO)g, the solution 
containing the beryllium as double carbonate. “Neutralise filtrate 
with HCl ; boil and add NH^OH. Be{HO)j is precipitated. 

The exact position of beryllium is not quite settled. It has many analogies 
with A1 and also with Mg and Zn. Its specific heat indicates that the atomic 
weight 13 '6 is correct, and that its oxide is BcjO,. The characters of some 
salts point to its being a dyad of atomic weight 9 03, and the oxide as BeO or 
GIO. It was first termed glucinum, from the sweet taste of the salts, and 
then beryllium, from its occurrence in the beryl. 

2. ZSIRCONIUMy Zr*^. Atomic weight, 89-37. — Found as 
silicate, chiefly in the rare mineral zircon, ZrSiO^. This silicate is 
not attacked by acids, and the finely divided substance must be decom- 
posed by fusion at a high temperature, with fusion mixture, or 
better with KHO. The mass is extracted with water, evaporated 
to dryness with HOI, in order to remove SiO^, and to decompose 
the insoluble sandy-looking disodium zirconate, ZrNa^Og, and is then 
precipitated with ammonia. The element itself has been obtained 
in white metallic-looking scales, of specific gravity 4-1, by the 
decomposition of the double fluoride of potassium and • zirconium, 
2KF,ZrF^, by means of metallic aluminium. The element is also 
obtained mixed with MgO, on heating ZrOj with magnesium powder. 
The hydrate is a voluminous white body, resembling Alj(HO) 5 . It 
dries up to yelloW^ish, transparent 4umps, Zr(HO)^, which dissolve 
readily in acids. On ignition this hydrate loses its water, and also 
undergoes a molecular change, when the dioxide, ZrO,, is no longer 
soluble in dilute acids. 

Zirconic salts, obtained by dissolving the hydrate in dilute acids, 
are colourless, and of an astringent taste. 

DBT REACTIONS. 

Of all the earthy oxides, ZrO, is the only one which remains 
entirely unaltered when admitted to the action of the oxy-hydrogen 
blowpipe. It gives out a very intense and pure light. Moistened 
with Co(N 03 )„ intensely heated, the mass becomes of a dirty 
violet colour. With borax, ZrO, yields a colourless glass which 
becomes slightly opaque when cold. 

REACTIONS IN SOLUTION. 

Use a solution of the sulphate, Zr(S 04 ),, or chloride. 

The group-reagents, (NHJ,S or NH^OH, produce a white floccu- 
lent precipitate of the hydrate, Zr(HO)^ insoluble in excess; insoluble 
also in NaHO or KHO (distinction from A1 and Be.) 

KHO or NaHO, same precipitate, insoluble in excess, not 
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dissolved by a boiling solution of NH^Ol (distinction from 
Be). 

(NH ) CO3 produce a white flocculent precipitate of a basic car- 
inate, readily soluble in excess, reprecipitated on boiling 
(distinction frcnn Al). 

K^OOa and Na^CO^, same precipitate, redissolves in a large excess of 
^ K3CO3, especially of KHCO3 (distinction from Al). 

BaCOj gives no precipitate in the cold, and precipitates zirconium 
salts imperfectly, even on boiling. 

Oxalic acid gives a bulky precipitate of zirconium oxalate (dis- 
tinction from Al and Be), insoluble in excess, difficultly soluble 
in HCl, soluble in excess of ammonium oxalate (distinction 
from Th). 

HF produces no precipitate (distinction from Th and Y). 

precipitates zirconium thiosulphate, ZrS203 (distinction from 
Y, Er, and Di). The separation takes place on boiling, even in 
the presence of 100 parts of water to one of ZrO^ (distinction 
from Ce and La). 

Zirconium sulphate, Zn(SO^)2, forms with potassium sulphate an 
insoluble double sulphate of Zr and K, insoluble in excess of KgSO^ 
(distinction from Al and Be). When precipitated cold, it dissolves 
readily in a large proportion of HCl, but is almost insoluble in water 
and HCl, when the K^SO^ is added to a hot solution (distinction 
from Th and Ce). 

Turmeric paper, when dipped into a hydrochloric acid solution of 
a zirconium salt, acquires a brownish-red colour after drying in the 
water-bath (distinction from Th). But titanic acid — the only other 
metal which affects turmeric paper under the same circumstances — 
colours the paper brown, and its presence may therefore prevent the 
zirconium from being recognised. If the TiO^ be, however, first 
reduced by means of zinc and HCl, to the state of sesquichloride — 
the reduction being marked in the solution by a change of colour to 
pale violet or blue — it no longer colours turmeric paper, and any 
change in the colour of the latter is then due to zirconium alone. The 
reaction requires great care, however, as, on exposui*e of the paper 
to air, the Ti^03, passing again to the state of TiO^, would in its turn 
colour the turmeric paper, and thus render the observation doubtful. 

It was at one time thought that the jargon, a variety of zircon, 
contained a new earthy metal provisionally termed jargonium. 

The oxide, ZrO^, has recently been used as a substitute for CaO, 
in the oxyhydrogen light and in other gas lights, on account of its 
greater durability and incandescent power. 

This element will doubtless before long become useful in the formation of 
bronzes and other alloys. 

3 . THORIUM, Ty^. Atomic weight, 231 - 96 . — Found in a 
few rare minerals only — viz., in thorite (orangite), consisting prin- 
cipally of a hydrated silicate, ThSi04,20H2, in monachite, pyrochlor 
and monazite. 

Thorite is decomposed by moderately concentrated H^SO^, 
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also by conceBtrated HCI. The oxide or anhydride, ThO,, is white 
when cold, yellow when hot. The moist hydrate dissolves readily in 
acids ; the dried hydrate only with difficulty. Thorium salts con- 
taining colourless acids are white. 

BBY BEACTIONS. 

ThO,, when heated before the blowpipe, remains infusible ; it 
imparts no tinge to the flame, and gives a colourless borax bead. It 
yields no characteristic reaction with Co(N03)2. 

BEACTIONS IN SOLUTION. 

Thorium sulphate, Th(SO^)3, used. 

{NH^),S or NH4OH (group-reagents), precipitates the white 
gelatinous hydrate, Th(HO)4, insoluble in excess. 

KHO or NaHO, same precipitate, insoluble in excess (distinction 
from A 1 and Be). 

Ammonium potassium and sodium carbonates precipitate white 
basic thorium carbonate, readily soluble in excess of the pre- 
cipitants, difficultly soluble in dilute solutions (distinction 
from Al). From a solution in (N 114)3003 thorium carbonate 
is reprecipitated, even at 50 “ C. 

BaC03 precipitates thorium salts completely in the cold. 

Oxalic acid produces a white precipitate (distinction from Al and 
Be), not soluble in excess nor in dilute mineral acids; 
soluble in ammonium acetate, containing free acetic acid 
(distinction from Y and Ce). 

HF precipitates gelatinous thorium tetrafluoride, ThF^, which 
becomes pulverulent after some time ; the precipitate is insoluble in 
water and in HF (distinction from Al, Be, Zr, and TiO^), 

Na3S203 precipitates thorium thiosulphate, Th(S303)3, mixed with 
sulphur, from neutral or acid solutions. The precipi^tion is not 
complete (distinction from Y, Er, and Di). 

A boiling concentrated solution of K^SO^ precipitates slowly, but 
completely, the whole of the thorium sulphate as white crystalline 
insoluble potassio-thorium sulphate, K4Th(S04)4 4- 2OH3 (distinction 
from Al and Be), soluble with difficulty in cold, and also in hot 
water, readily on the addition of some HCI. 

The oxide ThO^ is the main constituent of the incandescent gas 
mantles. 

4 . YTTRIUM, Y'". Atomic weight, 89-6 ; and 5 , ERBIUM, 
Er'". Atomic weight, 166 . — ^These very rare elements are only 
found in a few minerals, in ytterbite, or gadolinite, orthite, yttro- 
tantalite, &c. The metals have never been obtained pure. Yttrium 
and erbium, and possibly terbium, occur together in nature, and 
closely resemble the metals of the cerite group. They difier from 
most other earths in being completely soluble in acids, even after 
ignition, and from the cerite oxides, by not forming an insoluble 
double sulphate with potassium sulphate. In other respects they 
exhibit almost the same behaviour with reagents, and can only be 
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approximately separated from each other. The colour of the 
yttrium salts is white. Erbium salts have a more or less bright 
rose tint, crystallise readily, and possess a sweet astringent taste. 
Anhydrous YCI3 is not volatile (distinction from Al, Be, and Zr). 

(NHJ^S or NH^OH (group-reagents) precipitate the hydrates, 
insoluble in excess. Large excess of (NH^)^S somewhat 
prevents the precipitation of yttrium hydrate. 

KHO or NallO precipitates white hydrates, Y"(HO)3or Er(H0)3, 
insoluble in excess (distinction from Al and Be). The 
precipitation of yttrium Jby alkaline hydrates is not pre- 
vented by the presence of T(HO)3 (distinction from Al, Be, 
Th, and Zr), yttrium being slowly but completely precipi- 
tated as tartrate. Erbium is not completely precipitated. 

IV3CO3 and precipitate white carbonates, difficultly 

soluble in excess, more readily soluble in KHCO3 
NH^HCOg (but not so readily as BeCOg). On boiling the 
whole of the yttria is deposited (distinction of Y from Al, 
Be, Th, Ce, and Di). NH,Cl decomposes Y2(C03)„ with 
evolution of and CO^, and formation of Y"Cl3. Satu- 
rated solutions of Y^(003)3 in (Nil J,C03 or Na^COj have a 
tendency to deposit a double carbonate. 

BaC03 produces with erbium salts no precipitate, either in the 
cold or on heating ; and yttrium salts are but imperfectly 
precipitated on heating (distinction of Er and Y from Al, 
Be, Th, Ce, La, Di). 

Oxalic acid produces a precipitate of white yttidum oxalate, 
y2(CJ2U^)3 + l>OHy (distinction of Y from Al and Be), insoluble 
in excess, difficultly soluble in dilute HCl and partially 
dissolved by boiling with ammonium oxalate. Erbium salts 
are likewise precipitated as oxalate, Er2(C.,04)3+ 60Hjy, in 
the form of a light rose-coloured, heavy sandy powder. 

HF precipitates white amorphous hydrated yttiium fluoride, 
insoluble in water and HF ; soluble, before ignition, in 
mineral acids ; decomposed only by strong HTj^SO^. (Dis- 
tinction of Y from Al, Be, Zr, and Ti.) 

A cold saturated solution of Y2(S04)3 becomes turbid between 
30 -40 C., and on boiling is precipitated almost entirely. 

Er2(S04)3 forms with K^SO^ potassio-erbium sulphate, 

Er,(S04)3,K,S04, 

difficultly soluble in cold water, when hydrated, but readily soluble 
in the anhydrous condition, and on warming. 

Potassium yttrium sulphate dissolves readily in water and in a 
solution of KgSO^. (Distinction of Y and Er and Sm from Th, Zr, 
And tiie metals of the cerite group.) 

When^ erbium nitrate is heated on a platinum wire in a gas 
tl^e, it imparts an intense greenish colour to the flame, which, 
when seen through the spectroscope, shows bright lines in the 
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yellow and green, also in the orange and in the blue in an otherwise, 
continuous spectrum. These bright lines coincide with certain black 
so-called absorption bands, which erbium gives when white light is 
passed through a concentrated solution of its salts. These absorp- 
tion bands are characteristic for erbium, as ytt^um solutions show 
none under like circumstances. 

In a radiant matter tube ” yttrium compounds give a phospho- 
rescence, the spectrum of which exhibits a number of lines, the 
most striking of which are in the yellow or orange. Although only 
present in small amount in any known mineral, Sir W Crookes^ 
experiments show that yttria is exceedingly widely distributed in 
nature. 

Separation of Y from Er . — ^The different solubility of the 
nitrates of erbium and yttrium in water has been made available 
for the separation of these two closely allied metals. On heating a 
mixture of their nitrates to incipient decomposition, and dissolving 
the residue in boiling water, the solution deposits on cooling rose- 
red crystals of basic erbium nitrate, whilst the mother-liquor contains 
chiefly yttrium nitrate. By repeating the same process of separa- 
tion many times, the earths may be obtained approximately pure by 
finally igniting the nitrates. 

Thulium and holmium are other supposed elements in this group. 
Their characters have not yet been made out with suffi.cient clear- 
ness as not to be doubtful. 

The only reliable method of separation is to fractionally precipi- 
tate and examine each fraction with the spectroscope, or place in a 
vacuum tube through which an induction charge can be sent, and 
the phosphorescent glow, given by many substances, examined by 
the spectroscope. 

6. YTTERBIUM, Yb'". Atomic weight, 17f 6.— Euxenite 
is the most abundant source of this earth, where it is accompanied 
by the oxides of six or seven closely related elements, scandium, 
thulium, samarium, &c. Ytterbia has been separated by the very 
tedious process of evaporating the nitrates and heating considerably, 
whereby basic salts insoluble in water are formed, Sc, Th, Di, Er, Y, 
being relatively less soluble than ytterbium. The operations have 
to be repeated many times. The pure earth is obtained from the 
nitrate by addition of oxalic acid and igniting the oxalate formed. 

Yb^Oj is a heavy white infusible powder, easily soluble in 
warm dilute acids. The solutions are colourless. Specific gravity of 
oxide = 9*175. Its salts have a sweet taste. The nitrate is scarcely 
decomposed by heating, and remains soluble (characteristic). 

NH,OH precipitates the hydrate Yb(HO)3. The sulphate, 
Ybg(SO^)3, soluble in water. The acid selenite, Yb2(S^3)3, 
HjjSeOg,!©!!,, is precipitated from neutral solutions, and is white and 
insoluble. The oxalate, Yb,(0304)3,100H2, is insoluble in dilute acids. 

7. SCANDIUM, Sc '. Atomic weight, 43*98.— This earth 
concentrates in the insoluble basic nitrates on the separation of Yb. 
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Its nitrate is next to Yb in difficulty of decomposition by heat, the 
two earths differing greatly in ,this respect from Er, Tb, Yt, &c. 
Yb and Sc may be separate by heating their nitrates, or by pre- 
cipitation of scandium potassium sulphate by addition of K^SO^. 
Sc,(SO^)„8K,SO^ is* quite insoluble, the Yb ^t soluble. SCjO, is 
white, specific gravity 3*864, and resembles MgO or BeO; it is 
infusible, and not very soluble in acids. 

NHpH precipitates Sc(HO) 3 , insoluble in excess of KHO or 
ammonia. The oxalate is slightly soluble in water, 1 in 1080. 
Other salts are very similar to those of Yb. 

A number of rare minerals, as euxenite, samarskite, orangite, &c. 
Ac., contain many of these elements. 

CER1X7M, Ce«, and **. Atomic weight, 140*42. LAN- 
THANUM, La'". Atomic weight, 138*53. DIDYMIUM, 
Di"', or Atomic weight, 144*57. — ^These three rare metals, with, 
possibly, samarium, constitute, like Yt, Er, Yb, Sc, and Tb, a group 
which may conveniently be studied together. The most abundant 
of the few cerium minerals is cerite, a hydrated silicate of the three 
metals Ce, La, and Di, as well as of iron and calcium. The finely 
powdered mineral is readily and completely decomposed by boiling 
irith concentrated HCl or aqua regia ; or by fusion with fusion- 
mixture ; or, lastly, by boiling with concentrated H^SO^.* 

CERIUM. Specific gravity = 6*72. — This metal exists both in 
the dyad, pseudo-triad, and tetrad condition. Thus it forms the 
several oxides *. 

CeO (?) Ce^O, Ce*’'©* and Ce*©, or Ce 0 ,Ce *03 (?)*t 

Cerons oxide Ceric oxide Ceric Ceroso-ceric oxide, or 

(sesquioxide) dioxide triceric tetroxide 

Ceric oxide and ceric dioxide are both capable of combining with 
acids to form two series of salts. They are colourless, or slightly 
amethyst-red, and acid to litmus. Cerous chloride is not volatile 
(distinction from Al, Be, and Zr). Cerous sulphate is not entirely 
soluble in boiling water. 


DRY REACTIONS. 


All cerium compounds give with borax, or microcosmic salt, in 
the outer flame, a clear bead, which is dark red while hot (distinction 
from the preceding earths), fainter or nearly colourless on cooling. 
In the inner flame, a colourless bead, or, if ceric oxide is present, a 
yellow opaque bead, is obtained. Xianthanum compounds giv® 


* The student is strongly advised to refer to the method of separation of 
tom^um &om cerium, didymium, lanthanum, &c. &c., devised by Sir W- 
Crookes, F.R.S., Hoy. iSoc. Trans. 1885, and later. The methods here 
mentioned appear very crude and imperfect in comparison with the patiently 
earned out processes there described. 

t The existence of CeO is somewhat doubtful. 
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colourless beads, and didymium compounds give with borax colour- 
less, or, if in large q^ntity, pale rose-coloured beads, in both.flames,. 
and with microcosmic salt, in the reducing flame an amethyst-red 
bead, inclining to violet. 


BEACTIONS IN SOLUTION. 

A. CEROUS COSSPOX7NDS* — A solution of cerous chloride 
COjCIg, may be used. 

Ammonium sulphide (group-reagent) throws down the white 
cerous hydrate, Oej(HO)g, insoluble in excess. 

Ammonium hydrate precipitates a basic salt, insoluble in excess : 
the presence of tartaric acid prevents the precipitation by 
NH4OH (distinction from Y), but not by KHO. 

KHO or NaHO precipitates white cerous hydrate, insoluble in 
excess, which turns yellow on exposure to the air, or when 
acted upon by oxidising agents, such as chlorine water, 
sodium hypochlorite, &c., being converted into yellow 
hydrated ceroso-ceric oxide, Ce30^,30H, (distinction from 
A1 and Be). 

K3OO3, NagCOg, or (NH4)3003, produces a white precipitate of 
cerous carbonate, Ce3(C03)3, sparingly soluble in excess of 
the fixed carbonates, somewhat more soluble in (NHJ3CO3 ; 
insoluble in water and CO^ ; decomposed by dilute acids. 

BaCOg precipitates cerium salts slowly, but completely, on 
standing. 

Oxalic acid, or ammonium oxalate, precipitates cerium com- 
pounds completely, even from moderately acid solutions, as a curdy 
white precipitate (turning slowly crystalline) of cerous oxalate, 
liisoluble in excess of the precipitants (distinction 
from Zr), but soluble in a large excess of HCl. On ignition cerous 
oxalate leaves yellowish-white ceroso-ceric oxide, 0030^, or CeO, 
(distinction from A1 and Be, which form soluble oxalates). 

A saturated solution of potassium sulphate produces a white 
crystalline precipitate of potassio-cerous sulphate, 8K2S0^,Ce3(S04)3 ; 
even from somewhat acid solutions (distinction from A1 and Be) ; 
diflicultly soluble in cold water, readily soluble on heating, quite 
insoluble in a saturated solution of K3SO4 (distinction from Y and 
Er) ; soluble in much dilute HCL With dilute solutions the pre- 
cipitates take some time to form. 

This characteristic precipitate, as well as the easily distinguish- 
able oxalate, and the yellow precipitate of ceroso-ceric oxide — ^free 
from Iia and IM, precipi table in the filtrate as oxalates— which 
oxidising agents produce, serve to distinguish cerium from all other 
metals. 

Separation of Ce from La a^id LL — A. convenient method of 
oxidising and separating cerous salts consists according to Gibbs, in 
treating the mixed oxides with PbO, and dilute HNO3 analogous 
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to the oxidation of man^nons to a higher oxide), when the solution 
turns yellow, even if only small quantities of cerium be present. By 
evaporating the yellowish solution to dtyness and heating suffi- 
ciently to drive off pai't of the HNO3, so as to form a basic cerium 
nitrate, insoluble ip water or dilute HNO3, lanthanum and didy- 
mium can be dissolved out as nitrates. After removing the lead 
nitrate from the solution by SH^, the La and Di (containing also 
samarium) are precipitated as oxalates. The residuary basic cerium 
nitrate is dissolved in fuming HNO3, any lead removed by SII^, and 
the cerium pr^ipitated as oxalate. 

B. CERIC COIMEPOXJNRS* — Salts of CeO^, such as the 
sulphate, oxalate, itc., are yellow, and are either difficultly soluble or 
insoluble in water. Dyad (triad) (?) cerium appears, in fact, to give 
rise to more stable compounds ; thus, CeO^, when heated with HOI, 
does not form CeCl^, but yields (CeCh) -f C!^. 

Oxidising agents, such as Cl, passed into a solution of KHO, 
containing Ce3(HO)g in suspension, sodium hypochlorite, PbO„ 
HNO3, HgO, or potassium permanganate, convert cerous into ceric 
compounds, and furnish methods for the separation of Ce from La 
and Di. Reducing agents pi'oduce the reverse chemical action. 
Cerium resembles in this respect iron rather than aluminium. 

LANTHANUM, Specific gravity = G*163. — This metal forms 
only proto-salts, which are colourless when free from ^didy mium salts, 
and possess a sweet astringent taste. Lanthanum oxide is white, and 
is not altered, even by strong ignition (distinction from Ce), being 
still readily soluble in acids. Both the oxide and the hydrate 
turn red litmus-paper blue. It decomposes ammonium salts, in 
solution, on boiling, with evolution of iSrH3. Lanthanum resembles 
in this respect magnesium. A solution saturated in the cold of 
lanthanum sulphate deposits a portion of the salt already at 30“ 0. 
(distinction from Ce). In its reactions lanthanum closely resembles 
cerium. 


REACTIONS IN SOLUTION. 

Use a solution of lanthanum chloride, 

Ammonium sulphide and hydrate precipitate basic salts, which 
pass milky through the filter on washing. 

KHO or NaHO, precipitates lanthanum hydrate, La(HO)3, 
insoluble in excess, unalterable in the air, or in the presence 
of oxidising agents (distinction from Ce). 

Ammonium carbonate gives a precipitate which is insoluble in an 
of the precipitant (distinction from Ce). 

BaCOg, oxalic acid or potassium sulphate, give 
similar precipitates as with cerium salts. 

When the slimy precipitate which a cold dilute solution of 
lantn^um oxide yields, on supersaturation with ammonia, is washed 
repeatedly with cold water, and a few small crystals of iodine added 



DIDYMIUM. 


315 


to it, a blu 6 coloration is produced, which gradually pervades the 
entire mixture (characteristic for La compounds only). 

DlDYMIViyC^ Specific gravity = 6 * 544 . — The metal formls like- 
wise only proto-salts, coloured a pure pink, as the ^ulphate, or rose-red, 
sometimes a faint violet, as the nitrate. The oxide is soluble in acids 
after strong ignition. The peroxide DigOg, has been prepared by 
heating Di^NOg)^ in a stream of oxygen. In contact with water 
Dij^Og is slowly converted into the hydrate, without acquiring an 
alkaline reaction. It rapidly attracts COg, and is readily dissolved 
by the weakest acids. It expels ammonia from ammonium salts when 
boiled with them. The chloride, DiCh, is not volatile. The nitrate, 
on heating, is converted into a basic salt (distinction from La), which 
is grey when hot and also when cold (distinction from Er). A 
saturated solution of didymium sulphate begins to deposits red 
crystals of the salt at 53 ^ C., until at 100 ° C. one part of the salt 
only is held in solution by 50 parts of water (method of separation of 
La from Di). Didymium salts resemble in their chemical deport- 
ment lanthanum and cerium salts. 

REACTIONS IN SOLUTION 

Employ a solution of the chloride, DiCl^, or sulphate, Dig(SO^)3. 

Ammonium sulphide and hydrate (group-reagents), precipitate 
basic salt, insoluble in NH^OH, but slightly soluble in 
NH^Cl, with displacement of NHg. 

KHO, or NaHO, precipitate gelatinous didymium hydrate, 
Di(HO)3, resembling Alg(HO)g, but of a pale rose colour, it 
is insoluble in excess, and does not alter in the air. 

Alkaline carbonates produce a copious precipitate of didymium 
carbonate, Dig(003)3, insoluble in excess of the precipitants 
(distinction from Ce), but slightly soluble in a concentrated 
solution of NH^Cl. 

BaOOg precipitates didymium compounds ' slowly (more slowly 
than Ce or La), and never completely. 

Oxalic acid precipitates didymium salts, Di2(OgO^)3, almost com- 
pletely ; ammonium oxalate completely. The precipitate is difficultly 
soluble in cold HCl, but dissolves on heating. 

A concentrated solution of K,SO^, or better still, Na^SO^, pre- 
cipitates didymium solutions more slowly and less completely 
than cerous solutions, as a rose-w'hite potassio-didymium sulphate, 
Dig(S04)3,KgS04 + OHg, slightly soluble in water, less soluble in an 
excess of the reagent, difficultly soluble in hot HCl. 

When a ray of white light is sent through a didymium solution, 
and examined by the spectroscope, dark bands are seen in the 
continuous spectrum. Dilute solutions show these absorption bands 
in the yellow and green ; concentrated solutions exhibit, in addition, 
several other well-defined narrower bands in various other parts of 
the spectrum. 

Several chemists have separated, by more or less tedious methods, 
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the earth didymia into what appears to be either several modifications 
or acstuslly dififerent substances. 

The reactions above given must be understood as being on the 
“ rou^h ” didymia. 

TERBIUM^ Tb. Atomic weight, 148*5. — "The oxide, Tb^Og, 
of this metal has been separated from Yt, Er, and Nb in North 
Carolina samarskite by converting the oxides of Yt, Er, and Tb intQ 
formates, and submitting them to fractional crystallisation. The 
oxide is a dark yellow powder, which becomes white when ignited in 
hydrogen. Its salts are isomorphous with those of white Yt, Di, 
and Er * 

TITANIUM, Ti'' and Atomic weight, 50-25.— This, as well 
as the two next following metals (usually treated of in Group III., 
because they are precipitated by the group-reagents, chloride, sulphide 
and hydrate of ammonia), difler entirely from the previously treated 
metals. Their anhydrides, Ti^'Oj, Ta^^O^, and Nb^jO., are analogous 
to SiOj, SbgO^, &c.,and are found in nature either in the uncombined 
state (TiOg), or combined with various metallic bases, as titanates, 
tantalates, and niobates. The metal titanium has a great affinity for 
N, with which ih combines directly. t 

Titanium is found as anhydride (almost pure) in the minerals 
rutile, anatase, and brookite ; combined with bases, chiefly lime, in 
titanite, CaTiSiO^, in titaniferous iron, and in small quantities in 
many iron ores, in fire-clays, and generally in silicates. (Hence its 
occurrence in blast-furnace slags, as cyano-nitride, TiCy^j^TigNj, in 
bright copper-coloured cubes.) 

Titanium forms several oxides, of which two are known with 
certainty, and one whose existence is probable, viz. : 

TiO Ti.Og TiO, 

Titanous oxide Titanic oxide Titanic anhydride, 

(probable). (sesquioxide). 

The last oxide, acting as a weak base, and forming mostly very 
unstable salts, and likewise as an acid, is the only one which is of 
sufficient importance to be studied analytically. 

In order to prepare some pure titanic anhydride, finely powdered 
rutile is fused with 3 parts of K^CO^, the fused mass powdered and 
treated with cold water, which removes SiO^ and alkaline silicates, 
and leaves insoluble potassium titanate, K^TiOg, together with ferric 
oxide. This is washed by decantation or on a filter, with cold water, # 
and dissolved in cold dilute HCl. On diluting considerably with* 
water and heating to boiling, for some time, the whole of the titanium 
is precipitated as meta-titanic hydrate, H^TiOg (Fe being held in 

* For details on Methods of separation of these metals, the student is 
advised to see Crookes’ “Select Methods,” chap. iii. 

+ Probably most metals are capable of formiog N compounds or nitrides. 
Heating the metal with NHg is the best known method at present of forming 
these compounds. A considerable number of these compounds are known 
(see Nitrogen). 



TITANIUM, REACTIONS. 517 

solution by tho acid), which differs from (ortho-) titanic acid in being^ 
quite insoluble in all acids, except strong sulphuric acid, whilst 
titanic hydrate (obtained by precipitation with alkalies), of exactly 
the same composition, is readily soluble even in dilute H^SO^ or*H01, 
The precipitated meta-titanic acid is usually tinged yellow, owing to 
some ferric oxide which is carried down with it. It is best, therefore, 
to filter off, to wash with a solution of ammonium chloride^ and 
redissolve the precipitate in strong H^SO^. After dilution with 
water, it is reprecipitated once more by long-continued boiling, and 
is then all but free from iron. (Method of separation from Al, Be, 
and Th.) A more expeditious method for separating the iron 
oxide consists in precipitating the two metals from the dilute acid 
solution by means of ammonium sulphide, as FeS and HgTiOj, and 
to treat the precipitate with aqueous sulphurous acid, which dissolves 
the FeS, and leaves the pure ortho-titanic acid. 

Another method consists in fusing the titanium compound with 
«ix times its weight of KHSO^, till it yields a clear mass ; dissolve in 
a large quantity of cold water, acidulate with dilute H^SO^, when 
meta-titanic acid is precipitated as above. SiOg, if present, is not 
attacked by KHSO^, and remains in the insoluble residue. 

Pure TiOg may also be obtained by fusion with acid potassium 
fluoride, and dissolving the fused mass in dilute HCl. Potassium 
titanic fluoride, K^TiF^, which is difiSLcultly soluble in water (1 part 
requires 96 parts at is collected on a filter and washed with 

•cold water, and purified by recrystallisation from boiling water. 
Its aqueous solution, when precipitated with ammonia, yields titanic 
hydrate, which on ignition is converted with incandescence into pure 
titanic anhydride — white, when only feebly ignited, yellowish or 
brownish, when intensely ignited. 

SiOg, or silicates, containing traces of TiOg, may be decomposed 
with HF. HgSO^ must likewise be added in order to 
prevent a portion of the titanium from being volatilised 
with the SiF^. 


DRY REACTIONS. 

Titanium compounds, when heated on charcoal before the blow- 
pipe, are not reduced to the metallic state (distinction from In). 
Heated in a borax bead (on charcoal), or better still, in a bead 
of microcosmic salt, pure TiOg, or a titanite, containing bases which 
do not themselves colour the borax bead, yields in the outer flame a 
colourless glass, but in the inner flame, a glass which is yellow while 
hot, but assumes a violet colour on cooling. The reduction is 
promoted by the addition of a little zinc or tin. If some FeSO^ be 
added, the bead obtained in the inner flame becomes blood-red. 

REACTIONS IN SOLUTION. 

Use a solution of titanic acid in HCL 

Alkaline hydrates and sulphides and carbonates, as well as 
BaCOg, produce a bulky white precipitate of (ortho-) titanic 
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hydrate, H^TiOj, which is insoluble In an excess of the 
pi'ecipit^its. When thrown down in the cold, and washed 
with cold water, it is readily soluble in dilute HCl, or in 
dilute H3SO4. Washing with hot water converts it into 
insoluble «Qeta-titanic hydrate. The presence of TH, 
prevents the precipitation. (Iron, as well as Ni, Co, Zn, 
and U, which are precipitated by ammonium sulphide in 
the presence of tartaric acid and ammonium hydrate (the 
metal Mn is not), may thus be separated from TiO^.) 

K^FeCyg produces a dark-brown precipitate. 

Infusion of galls, brownish precipitate, which speedily turns 
orange-red. 

HNa^PO^ throws down the titanic acid almost completely from 
an acid solution as a white gelatinous phosphate, which 
when washed and dried leaves a basic salt, probably 
HTiPO^Hp. 

Metallic tin or zinc, immersed in a HCl solution of TiO^, evolves 
hydrogen, and reduces the TiO., to Ti^),, which gives rise to a pale 
violet or blue coloration, and finally throws down a dark-violet pre- 
cipitate, which is rapidly oxidised to white TiO^, with decomposition 
of the water or when exposed to the air. This reaction frequently 
reveals the presence of TiO^ in the analysis of iron ores, during the 
process of reduction with zinc, previous to the estimation of the iron 
by potassium permanganate. 

TANTALUM, Ta' . Atomic weight, 182 . NIOBIUM, Kb'\ 
Atomic weight, 93 * 7 . — This group of metals occurs only in a few 
minerals, found in a few localities, and then only in small quantities. 
The difl&culty of detecting mere traces of them may account for their 
having been overlooked in others in w*hich they have since been 
found, viz., in tinstone and wolfram. 

In some of the minerals, either tantalum or niobium prevails, 
such as in tantalite and in niobite (columbite). 

Tantalum and niobium exist chiefly in the pentad condition, as 
is evidenced by the composition of their oxides (anhydrides), chlorides, 
fluorides, &c. &c., viz, : 

Tantalic anhydride, Tap^. Chloride, TaClj. Fluoride, TaF^ 

Niobic „ „ NbCh. „ NbF,. 

A lower oxide, 'Ta^'^gO^, and sulphide, 'Ta'^^S^, are said to exist. In 
tantalates and niobates, the acids closely resemble arsenic or phos- 
phoric acid ; they can exist as meta- HTa(Nb)03, H4Ta(Nb)07 

or ortho- HjTa(Nb)04, tantalic (niobic) acids. 

TANTALIC and NIOBIC ANHYDRIDES are prepared 
from tantalites or niobites, by fusing the finely powdered mineral 
with three parts of HKSO^. The fused mass is extracted with 
water, whereby the bases are principally removed as sulphates. The 
residuary Ta^O^ and Nb^O^ are washed and fused once more with 
hydrogen potassium sulphate, Ac. The residue after having been 
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well washed is dissolved in HP, and a boiling solution of HF,KF 
gradually added to it. The liquid, on cooling or on concentration, 
yields difficultly soluble potassium fluo-tantalate, 2 KP,TaF 5 (soluble 
in about 150—200 parts of water only), whilst the mother-liquors 
contain potassium fluo-oxyniobate, 2KF,NbQF„OH„ which is 
soluble in 12-4 to 13 parts of water (distinction also from titanium, 
which forms 2K:F,TiF^, soluble in 96 parts of water). These two 
salts may be purified by recrystallisation ; and on decomposing them 
by heating with H^SO^, tantalic and niobic sulphates and potassium 
sulphate are left ; this latter can be boiled out with water. When 
HjSO^ is expelled from the insoluble tantalic or niobic sulphate by 
strong ignition, or by heating in an atmosphere of ammonium 
carbonate, Ta^Oj or Nb^Oj is left. 

TANTALUM. — The anhydride is a white powder. When 
strongly ignited it turns a pale yellow, without emitting any light, 
'and becomes insoluble in HCl or strong H^SO^ (distinction from 
TiO,). 

Fused with KHO it is rendered soluble in water ; fused with 
NaHO, it forms chiefly sodium meta-tantalate, NaTaOg, insoluble 
in excess of NaHO, but soluble in water. When a solution of soda 
is added to this solution, sodium tantalate is precipitated. Hydrated 
tantalic acid dissolves in HF from a concentrated solution of which 
KF precipitates fine needle-shaped crystals of potassium fluo-tanta- 
late. By prolonged boiling with water, this soluble salt changes to 
an insoluble compound, Ta 20 .( 2 KF,TaF.), or K^Ta^O^F^^, the forma- 
tion of which afibrds the means of detecting the smallest quantity 
of fluo-tantalate in mother-liquors containing potassium fluo-oxy~ 
niobate. 


DRY REACTIONS. 

Microcosmic salt dissolves Ta^O^ to a colourless bead in both 
flames, and does not acquire a blood-red tint by the addition of 
ferrous sulphate (distinction from TiOg). 


Use a solution of KTa 03 in water. 

The tantalates of the alkali metals are soluble in water, all others 
(formed by double decomposition) are insoluble in water and decom- 
posed by acids. 

HCl precipitates Ta-gO^, at first, then redissolves it in excess. 

COg passed through a solution of an alkaline tantalate, precipi- 
tates acid, or anhydro-tantalate. 

Ammonium hydrate or sulphide precipitates from a HOI ^^lution 
tantalic hydrate, or an acid ammonium tantalate ; T(HO)g. 
prevents the precipitation. 

Ammonium chloride or sulphate precipitates tantalic hydrate 
HTaOg. 

E^FeCy^ gives from acidified solutions a yeliowishj-white precipi-^ 
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tate which turns brown by the addition of a few drops of 
ammonia, and is soluble in larger quantities* 

KgFejCyjj, a yellow precipitate- 

infusion of galls, added to an acidified H^SO^ (or HCl) solution 
of an alkaline tantfilate, forms a light-yellow precipitate, soluble in 
alkalies. 

Metallic zinc and HCl do not reduce Ta^O^, and no blue colora- 
tion (or only a very faint one) is observed (distinction from Nb^O^). 

NIOBIUM. Specific gravity = 7*06. — Niobic anhydride, Nb^O^, 
is white, but turns transiently yellow when ignited. By strong 
ignition in hydrogen it is converted into Nb^O^, Like tantalic 
anhydride, it combines both with bases and acids. Concentrated 
sulphuric acid dissolves niobic anhydride, unless it has been too 
strongly ignited, and the solution remains clear on the addition of 
much water (distinction from Ta^O^). 

On fusing with caustic potash, a clear mass, consisting chiefly of 
potassium meta-niobate, KNb 03 , is obtained, which is readily soluble 
in water, but is precipitated as sodium salt, on the addition of 
NaHO. Sodium meta-niobate, obtained by fusion with caustic 
soda, behaves like the corresponding meta-taiitalate. 

DRY REACTIONS. 

Microcosmic salt dissolves Nb^O^ readily ; in the outer flame a 
bead, colourless whilst hot, is obtained ; in the inner flame the bead 
acquires a violet, blue, or brown colour, according to the quantity 
of the acid present, and a red colour when a little ferrous sulphate 
is dissolved in it. 

REACTIONS IN SOLUTION. 

Use an aqueous solution of potassium niobate. 

The niobates of the alkalies are nearly insoluble in water, all 
others are insoluble, but are decomposed by acids. 

Mineral acids, especially sulphuric acid, even at the ordinary 
temperature, precipitate niobic hydrate, nearly insoluble in 
the Mid. (The precipitation of tantaUc hydrate requires 
the aid of heat.) 

Oxalic acid does not affect alkaline niobates. 

(NH JgS or NH^OH precipitates from acidified solutidns of Nb^O^ 
the hydrate, containing ammonia, soluble in hydrofluoric 
acid. 

NH^Cl precipitates the acid, but only slowly and incompletely, 
especially if in the presence of alkaline carbonates. 

lA^FeCyg gives, with a solution of an alkaline niobate which has 
been acidulated with sulphuric or hydrochloric acid, a red 
precipitate. 

^ bright yellow precipitate. 

^Infusion of galls, an orange-red precipitate. 
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A piece of zinc immersed in an acidulated solution ^ forms a 
beautiful blue precipitate, which after a time changes to brown. 
(Tantalates yield none, or only a faint blue colour.) 

Nb forms also NbOl^ ; NbOCl^ : the former decomposes 00^ to 
CO. ^ 

(B.) Hare Metals^ precipitated by the Group-reagents^ 
and in ihe form of Sulphides, 

URANIUM, U", and and pseudo-triad. Atomic weight 
288’48. — Uranium is not a very abundant metal ; it is found princi- 
pally in pitch-blende, which contains from 40 to 90 per cent, of 
uranoso-uranic oxide, UgOg ; in uranium ochre, or sulphate ; and in 
uranite or uranium mica, which is a calcium (cupric) uranic phos- 
phate. In small quantities it exists in several rare minerals, such 
as euxenite, yttrotantalite, &c. 

This element has specific gravity = 1 8*4, is a little harder than 
iron, and about the colour of nickel. 

It is very difficult to reduce by O or H from its oxide. 

Tt is said to be deposited by electrolysis as a yellow hard compact 
metal. (?) 

Uranium salts are almost always obtained from pitch-blende. 
The U3O3 therein is associated with sulphur, arsenic, lead, iron, and 
several other metals. The mineral is finely powdered, freed by 
elutriation or washing from the lighter earthy impurities, roasted 
for a short time to remove part of the sulphur and arsenic, then 
dissolved in nitric acid, and the solution evaporated to dryness. 
The residue is exhausted with water, and the solution filtered 
from a brick-red residue of ferric oxide, ferric arsenate, and lead 
sulphate. On evaporation, the aqueous solution yields crystals of 
the nitrate, which by dissolving in ether and setting aside for 
spontaneous evaporation, are obtained pure. When recrystallised 
once more from boiling water, they consist of pure uranylic nitrate, 
U02(N03)2,60Hg, in which (UOg)", uranyl, acts as a dyad radicle. 

Uranium exists as a dyad and pseudo-triad metal. It forms 
with oxygen two salifiable oxides, and several compound oxides : 


Uranous 

oxide. 

uo. 


Trioxide. 

TJO, 


Compound oxides. 


UgOg or UO- or 

U0,-h2U03 UO3 + UO3 

(dark green) (black) 


Uranous 

chloride. 


UCl, 


Uranylic 

chloride. 


(U03)01, 


Pentachloride. 

uci. 


Uranous 

sulphate. 

U(SO,), 


Uranylic 

sulphate. 

uo,so,. 


pranic oxide and its hydrate combine both with acids to form 
uranylic salts, and with the oxides of the more electro-positive 
metals to form acid uranates, of the general formula Il^3(U02)j03,. 
analogous to dichromates, disulphates, &c. These are yellow, in- 
soluble in water, but are decomposed by acids. Uisodium diuranate 
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(uranium yellow) is used as a pigment in glass and porcelain manu- 
factures. 

DRY REACTIONS. 

Borax and microcosmic salt give with uranium compounds in the 
innftr flame of the blowpipe, green beads, in the outer flame yellow 
beads, which acquire a yellowish-^een tint on cooling. The oxides 
of luanium are not reduced by fusion with Na,00, on charcoal. 

REACTIONS IN SOLUTION. 

A. XTRAMTOXTS COMPOXTNDS. — Use a solution of uranous 
sulphate, U(SO^)j. Prepared by dissolving uranoso-uranic oxide in 
hot oil of vitriol, diluting with water and evaporating in vacuo. 

Uranous salts constitute powerful reducing agents. They are 
green, or greenish-white, and yield green aqueous .solutions. 

(NHj)jS forms a black precipitate of uranous sulphide, US. 

Alkalies throw down red-brown gelatinous uranous hydrate, 
U(HO),. 

Alkaline carbonates precipitate green uianous liyJrate, soluble 
in excess, especially in excess of ammonium cai bonate. 

Uranous salts become oxidi.^ed to uranic ^alts, by exposure to 
air, or by treatment with nitric acid, ttc. C 4 old and silver salts are 
speedily reduced by them, and ferric salts aie reduced to ferrous 
salts. 

B. XTRANfIC COMPOUICDS.— Use a solution of uranylic 
nitrate, U03(N03)3. 

Uranic salts are yellow, they are mostly soluble in water, and 
are reduced to uranous salts by SII., and by alcohol, or ether and in 
sunlight. 

produces in the cold a cliocolate-brown precipitate of 
uranylic sulphide, containing also ammonium sulphide and 
water. It is insoluble in ^’’ellow ammonium sulphide. On 
warming or boiling the liquid which contains the uranylic 
sulphide, suspended in it, the precipitate splits up 

into sulphur and the black oxide, UO, which is insoluble in 
excess of the sulphide. Uranylic sulphide dissolves readily 
in neutral ammonium carbonate. [Method of separation of 
U from Zn, Mn, and Fe.] 

Alkaline hydrates produce a yellow precipitate, consisting of acid 
uranate of the alkali metal ; insoluble in excess of the pre- 
cipitant : not precipitated in the presence of tartaric acid. 

The ammonium precipitate is soluble in a solution of ammonium 
carbonate, and ammonium sulphide does not precipitate the 
uranium from this solution. 

Alkaline carbonates give a light yellow precipitate, consisting (in 
the case of potassium carbonate) of potassio-uranic carbo- 
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aate ; readily soluble in an excess of the precipitant. By 
treating the liquid with dilute sulphuric acid, as long as 
effervescence takes place, an acid uranate is precipitated. 
[Method of separation of U from A1 and Fe^^.] 

BaCOj completely precipitates a solution ofca uranic salt, even 
in the cold. [Separation of U from Ni", Co", Mn", Pe" 
and Zn.] 

K^FeCyg produces a reddish-brown precipitate. (Most delicate 
special reaction.) 

KgFe^Oyjg produces no change. 

Metallic zinc does not precipitate metallic uranium from its 
solutions. 

THALLIUM, Tl' and Atomic weight, 203-7.— This metal 
was discovered by Crookes in 18G1. It occurs in many kinds of 
eopper and iron pyrites, but invariably in very minute quantities ; 
also in many kinds of crude sulphur, in some of the deposits from 
the flues leading from the pyrites furnaces to the lead chambers of 
sulphuric acid works, and in the deposits in the chambers them- 
selves. It has, moreover, been found in lepidolite, in preparations 
of cadmium and bismuth, in ores of zinc, mercury, and antimony, in 
the ashes of some plants, and in some saline waters, &c. (fee. 

The metal is most economically extracted from thalliferous flue- 
dust. The dust is stirred up with boiling water, the insoluble 
portion allowed to settle, and the clear supernatant liquid syphoned 
off. On the addition of concentrated hydrochloric acid, impure 
thallious chloride, TlCl, is precipitated. This impure chloride is 
dissolved in concentrated sulphuric acid, evaporated till the hydro- 
chloric acid, as well as the greater portion of the sulphuric acid, has 
been driven off, then dissolved in boiling water, and a rapid current 
of sulphuretted hydrogen passed through the solution, whereby all 
the metals of the SH^ group are precipitated. On now introducing 
plates of zinc into the dilute acid filtrate, spongy metallic thallium 
is precipitated, which can be readily removed from the zinc, and 
obtained in lumps or bars by pressure. It must be preserved under 
water. 

It is softer than lead and of the same colour, of specific gravity 
11-8. It melts at 290^ C., and may be distilled in hydrogen. The 
metal and all its salts are highly poisonous. 

The salts may be prepared by dissolving the metal in the 
respective acids, or by the double decomposition of soluble thallium 
salts. 

Thallium forms two series of compounds : thallious and thallic. 
In the thallious the metal exists as a monad, and in the thallic as a 
triad. Thus we have : 

Thallious oxide . OTl, Thallic oxide . 

Thallious chloride . TlCl Thallic chloride . TI'^Cl^, (fee., 

I 

^together with several intermediate compounds. 
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In some of its chemical illations thallium dififers from all other 
metals. In many respects it resembles the alkah metals^ as, for 
instance, in forming the readily soluble and highly alkaline thallious 
oxide and carbonate, an insoluble double platinum salt, an alum 
analogous to ordin^y:y potash alum, and a series of thallious phos- 
phates analogous to the alkaline phosphates. In most other respects, 
however, it is more nearly allied to the heavy metals, especially to 
lead, which it resembles closely in appearance, density, melting- 
point, specific heat, and electric conductivity. 


Thallium compounds impart an intense green colour to the blow- 
pipe flame. The spectrum of thallium shows one very striking 
emerald-green line, Tla, and hence its name from daXXoy, gi^een. 

REACTIONS IN SOLUTION. 

A. THALLIOUS COMPOUNDS — Employ a solution of 
thallious sulphate, Tl.,SO^, or nitrate, TIXO 3 , 

Thallious salts are for the most part colourless and soluble in 
water, such as the nitrate, sulphate, phosphate, tartrate, and acetate. 
Some are difficultly soluble, c.r/., the carbonate and chloride, and a 
few are almost insoluble, e.y,, the iodide. They react neutral to 
test-paper, and possess a slight metallic taste. Thallious oxide, 
OTlg, is colourless and fusible ; it dissolves in water, the solution is 
colourless, alkaline, caustic, and absorbs carbonic anhydride from 
the air. It also dissolves in alcohol. 

Thallious salts are difficultly converted into thallic salts : powerful 
oxidising agents, such as nitric acid, are without eftect on them. 
They require boiling and evaporating witli aqua regia to convert 
them into the higher salts. 

SHg does not precipitate strongly acidified thallious solutions 
unless ASyOg be present, when a part of the thallium is 
carried down with the arsenious sulphide, as a brownisli- 
red precipitate. Neutral or very slightly acidified solutions 
are incompletely precipitated by 8 H.,. From acetic acid 
solutions the whole of the thallium is thrown down as black 
thallious sulphide, STl^. 

(NHJ^S (group-reagent) precipitates the whole of the thallium 
as thallious sulphide, insoluble in ammonia, alkaline sul- 
phides, or potassium cyanide. Readily soluble in dilute 
hydrochloric, sulphuric, or nitric acids, but difficulty soluble 
in acetic acid. When exposed to air, thallious sulphide i^ 
rapidly converted into thallious sulphate. On heating, it 
fuses and volatilises. 

Alkaline hydrates do not precipitate aqueous solutions of thal- 
lious salts. 

Carbonated alkalies produce a precipitate only from concentrated 
solutions, Tl^COg being soluble in 20 parts of water. 
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HCl or a soluble chloride throws down white thallious chloride 
TlCl ; the precipitate subsides readily, and is unalterable in 
the air. It is very slightly soluble in boiling water, and 
still less so in hydrochloric acid. 

KI precipitates, even from the most dilut'^ thallious solutions, 
bght yellow thallious iodide, Til, which is almost entirely 
insoluble in water, but somewhat more soluble in a solution 
of potassium iodide. This constitutes the most delicate re- 
action for thallious salts. 

KgCrO^ precipitates yellow thallious chromate, Tl^CrO^, insoluble 
in cold nitric or sulphuric acid. 

PtOl^ precipitates diflacultly soluble, pale orange-coloured thallious 
platinic chloride, 2TlCl,PtCl^. 

Zinc precipitates metallic thallium. 

B. THAIjLIC compounds. — Employ a solution of 
thallic chloride, TICI3. 

Thallic salts are easily distinguished from thallious salts by their 
behaviour with caustic and carbonated alkalies, which precipitate 
brown gelatinous thallic hydrate, TIOHO, insoluble in excess. 

Thallic oxide is scarcely acted on by concentrated sulphuric acid 
in the cold ; on heating, thallic sulphate, Tl2(S04)3,70H2, is obtained. 
When a solution of thallic sulphate is boiled, oxygen is given off, 
and a thallious salt left. When treated with HCl, thallic oxide 
yields the chloride TICI3 as a white crystalline mass, which on heat- 
ing splits up into TlCl and Cl^. 

HCl or a soluble chloride produces no precipitate. 

SH^ reduces thallic to thallious salts, with precipitation of 
sulphur. 

H2C3O4 produces a white pulverulent precipitate of oxalate. 

HNa^PO^ gives a white gelatinous precipitate. 

H3ASO4 or a soluble arsenate gives a yellow gelatinous preci- 
pitate. 

KgCrO^ does not precipitate thallic salts. 

KI gives a precipitate of Til and Ig. 

INDIUM^ In^^, and pseudo-triad. Atomic weight, 113*4. — 
Has hitherto only been found as a rare and insignificant constituent 
of some zinc ores (zinc-blende from Freiberg), in the metallic zinc 
prepared from these ores, and in tungsten. 

Indium is a white, highly lustrous metal resembling platinum, 
soft and ductile, of specific gravity 7*42. It fuses easily at 176° C. 
It is not oxidised in the air or in water. Dilute HCl or H^SO^ 
dissolves it readily, hydrogen being given off. Concentrated sul- 
phuric acid dissolves it with evolution of SO^. It is readily soluble 
also in cold dilute nitric acid. The oxide, 'In'^gO^, is brown when 
hot, straw-coloured when cold, and is readily reduced when heated on 
charcoal, or in a current of hydrogen gas. A black dioxide, In^^Oj, 
exists likewise. 
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The principal salts of indium, viz., the sulphate, In,(S 0 j 3 , 90 H^ 
the nitrate, In(N03)5, and the chloride, InClg, are freely soluble in 
water. The chloride is volatile and hygroscopic. 

^ DRY REACTIONS. 

Indium and its compounds impart to the flame a peculiar bluish 
tinge. When examined with the aid of a spectroscope two charac- 
teristic blue lines can be seen, a bright one in the blue, and a feebler 
one in the violet. They are, however, very transient. The sulphide 
gives more persistent lines than the chloride. 

REACTIONS IN SOLUTION. 

A solution of any of the above salts may be used. 

SHj produces no precipitate in the presence of a strong acid. 
Indium is, however, precipitated like the metal zinc, from 
slightly acid solutions, or in the presence of acetic acid. The 
* slimy precipitate of indium sulphide, In^S^, is of a line yellow 
colour. 

produces at first a white precipitate from a solution, con- 
taining ammonium tartrate, said to consist of In^jS^ and 
hydrogen. It turns yellow on the addition of acetic acid. 
The sulphide is insoluble in cold, but soluble in the hot 
sulphide, and on cooling it separates again of a white colour. 

Alkaline hydrates produce a white bulky precipitate of indium 
hydrate, In(HO)3, resembling aluminium hydrate, quite 
insoluble in alkalies. The presence of tartaric acid prevents 
the precipitation. 

Alkaline carbonates precipitate white gelatinous carbonate. When 
recently precipitated it is soluble in ammonium carbonate, 
but not in the fixed alkaline carbonates. On boiling, indium 
carbonate separates again. 

BaC03 Precipitates indium salts in the cold as basic salts. (Dis- 
tinction from Zn, Mn, Co, Ni, and Fe.) 

HNa^PO^ throws down a bulky white precipitate. 

Alkaline oxalates produce a crystalline precipitate. 

Zinc precipitates the metal in the form of white shining 
laminae, 

VANADIUIVE^ V'" and \ Atomic weight, 51 * 3 ; specific 
gravity = 5 ' 5 . — Only obtained as a grey powder. It oxidises in the 
air, but resists most acids and alkalies. Occurs only in a few rare 
minerals, principally in vanadite, or lead vanadate and oxychloride, 
Pb^VgCIOi^, analogous in composition to pyromorphite, also to a very 
small extent in many iron ores (clay and pea iron ores), and as 
Roscoe discovered, in the copper bearing beds at Alderley Edge, and 
Mottram St. Andrew’s, Cheshire. 

Vanadite or mottramite, (PbCu)3(VOj2, may be made the start- 
ing-point for preparing the several vanadium compounds. The mineral 
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is dissolved in nitric add, and the lead and arsenic precipitated by 
SH,, which at the same time reduces the vanadic pentoxide, V^O^, 
to tetroxide, V^O^. The blue filtered solution is then evaporated to 
dryness, and the residue digested in ammonia, when the vanadic 
tetroxide becomes reoxidised into pentoxide. The ammonium van- 
adate can be precipitated as a white powder from this solution by 
introducing a lump of sal-ammoniac, being scarcely soluble in a 
saturated solution of this salt. By exposure to a temperature below 
redness in an open crucible, ammonia is expelled and V^O^ is left. • 
Vanadium forms several oxides, oxychlorides, chlorides, sulphides, 
which show that the metal is closely allied to the phosphorus and 
arsenic group. Thus : 


Oxides. 

Oxychlorides. Chlorides. 

Sulphic 

v,o 

— 


v;o. 

— VCI3 



V,03 (black) 

— V0I3 

— 

(blue) 

— VOl, 



VOC13 - 



The most important of these compounds is the pentoxide, or van- 
adic anhydride, analogous in composition with phosphoric, arsenic, 
antimonic, tantalic, and niobic anhydrides. It combines in different 
proportions with bases, forming, like the other anhydrides referred 
to, three series of salts, viz., ortho-, pyro-, and meta-vanadates. 
Fused with Na^COg, it yields sodium ortho-vanadate, Na3V04 ; but 
when boiled with a solution of an alkali, it forms the meta-vanadate, 
the latter class of vanadates being more stable than the ortho-salts. 
Alkaline vanadates are soluble in water, inversely to the quantity 
of free alkali or alkaline salt present. Hence they are precipitated 
from their solutions by excess of alkali, or by salts as NH^Cl. 
(Most characteristic reaction.) 

Vanadic anhydride has a reddish-yellow colour, and is difficultly 
soluble in water (1000 parts), forming a light yellow solution which 
reddens litmus paper. It dissolves also in the stronger acids to red 
or yellow solutions, which become frequently decolorised by mere 
boiling. It unites, however, with bases more readily than with 
acids. 

A sulphuric acid solution of the acid when considerably diluted 
with w'ater, and treated with zinc or sodium amalgam and warmed 
gently, turns first blue, then green, and finally from lavender to 
violet. The V^O. becomes reduced to V^^O^ ; and on the addition of 
ammonium hydrate, a brown precipitate of the hydrate of the 
dioxide (hypovanadious acid) forms, which absorbs oxygen more 
rapidly than any other known reducing agent, and bleaches organic 
colouring matter (indigo-solution, &c.) as quickly as chlorine. 

Many organic substances, such as oxalic or tartaric acid, sugar, 
alcohol, reduce vanadic acid, especially in the presence of strong 
mineral acids, to the blue V^O^. The same takes place when SO, 
or SH, is added to its solutions in acid. 
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DRY REACTIONS* 

Borax dissolves to a clear bead, colourless, or, with large 

quantities of the anhydride, yellow, in the outer flame, beautiful 
green in the inner flame. With larger quantities of vanadie acid it 
looks brownish whilst hot, and only turns green on cooling. 


REACTIONS IN SOLUTION. 

Use a solution of sodium metavanadate, NaV 03 . 

Orthovanadates are generally yellow or reddish-yellow, both in 
the liquid and solid state. By boiling in water, the orthovanadates 
of the alkalies are converted into colourless meta vanadates. On the 
addition of an acid to a solution of neutral or orthovanadate, the 
solution becomes yellowish-red, owing to the formation of anhydro- 
salts. 

Ammonium, barium, and lead metavanadates are but sparingly 
soluble in water. The alkaline vanadates are more soluble in pure 
w’^ater than in water containing free alkali or a salt : hence they are 
precipitated in the presence of the latter. All are soluble in nitric 
acid, but insoluble in alcohol. 

(NH^)^,S (group-reagent) produces a brown coloration in the liquid, 
and on acidulating with HCl, or l^etter with H^SO^, the 
soluble ammonium sulphovanadate is decomposed, and 
brown pentasulphide, V^S., mixed with sulphur, is precipi- 
tated ; the liquid at the same time generally acquires a 
blue colour. It dissolves with red-brown colour in aqueous 
solutions of alkaline carbonates, hydrates, and sulph- 
hydrates. 

If an acidified solution of an alkaline vanadate be shaken up 
wdth ether containing peroxide of hydrogen, the aqueous fluid 
acquires a red-brown colour, like that of ferric acetate, whilst the 
ether remains colourless. This reaction is extremely delicate. 

Vanadie and chromic acids are the only acids whose salts give 
rise to red-coloured solutions. They are, however, difterently 
affected by reducing agents. 

Many of the elements which are so difficult to reduce to a 
metallic state, such as uranium, vanadium, tungsten, titanium and 
some of the cerium metals have been found to reduce and melt in 
the electric furnace. They take up carbon, in varying amounts, 
however, and in some cases form definite carbides after the manner 
of calcium. 


REACTIONS OF THE RARE METALS OF GROUP II. 

Group II. comprises the rare metals, precipitated as sulphides by 
SHg, from a hydrochloric acid solution, viz. : 
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(A) As sulphides^ insolvhle in yellow ammonium sulphide : Pal- ’ 
ladium, rhodium, osmium, ruthenium. 

!• PAI«1jiAI>IXJM^ Pd" and Atomic weight, 106’2. — Occurs 
native in platinum ores, principally, however, alloyed with gold and 
silver, in a gold ore found in Brazil. The gold dust is fused together 
with silver, and the granular alloy heated with nitric acid, in which 
silver and palladium only dissolve. On the addition of sodium 
chloride, silver is removed as chloride, and the palladium may then 
be precipitated as palladious cyanide by means of mercuric cyanide, 
and the PdCy^ decomposed by ignition. 

The metal greatly resembles platinum, but is somewhat darker 
in colour. Its specific gravity is 11-8. Of all the so-called platinum 
metals it fuses most readily, not in an ordinary Bunsen burner, but 
easily in the oxy-hydrogen flame. Palladium is sparingly soluble in 
pure nitric acid, but dissolves more readily in the red acid. It 
dissolves slightly in boiling concentrated sulphuric acid, and is 
readily attacked by fusing with hydrogen potassium sulphate. The 
best solvent for it, as for most other platinum metals, is aqua regia. 
The metal oxidises when heated in air, the surface becoming coloured 
from films of oxide. It absorbs hydrogen to a large extent, and if 
heated over a spirit lamp or gas flame will even decompose the 
hydrocarbon vapours, carbon being deposited on the metal. 
Palladium forms several oxides and chlorides, in which the metal 
exists either as a dyad or tetrad, thus : 

Palladium suboxide . Pd^O PdCl (?) 

Palladious oxide . . PdO Chlorides . PdCl., 

Palladic „ . . PdOg „ . PdOl^ 

PALLADIOUS SALTS. 

The oxide PdO is obtained on gently igniting palladious nitrate. 
It is black, and its hydrate dark-brown. Both part with their 
oxygen upon ignition, leaving spongy palladium. The nitrate may 
be prepared from the metal by dissolving in nitric acid and con- 
centration over a water-bath. It forms then a brownish-red 
non-cry stallisable mass. 

Palladious salts are mostly soluble in water ; they are brown or 
reddish-brown ; their dilute solutions are yellow. 


REACTIONS IN SOLUTION. 

A solution of palladious nitrate, Pd(N 03 ) 2 , is used. 

OHg precipitates a brown basic salt from solutions containing 
slight excess of acid only. 

SHg,, or (NHJgS, throws down from acid or neutral solutions 
l 3 lack palladious sulphide, PdS, insoluble in alkaline 
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sulphide, but soluble in boiling hydrochloric acid, and 
readily soluble in aqua regia. 

KHO, or NaHO, precipitates a yellowish-brown basic salt soluble 
in excess. 

Soluble carbqpates precipitate brown palladious hydrate, 
(Pd(HO)j, soluble in excess, reprecipitated on boiling. 

Ammonium hydrate or carbonate produce no precipitate from 
the nitrate, but decolorise the dark-brown solution, forming 
double palladammonium salts.* 

HI, or soluble iodides, give, even in very dilute solutions, a 
black precipitate of palladious iodide, Pdl^, somewhat 
soluble in excess of KI. (Most characteristic reaction for 
Pd.) It serves for the detection of iodine in the presence of 
chlorine and bromine. 

HgCy^ gives a yellowish-white gelatinous precipitate of PdCy^, 
readily soluble in KCy and in ammonia. Slightly soluble in 
HCl. It leaves on ignition spongy metallic palladium. 
(Characteristic reaction.) 

NH^Cl does not precipitate palladium salts. (Difference from 
platinum.) 

KCl precipitates a brownish-red octahedral double chloride, 
2KCl,PdCIj, insoluble in absolute alcohol ; soluble in water 
to a dark-red fluid. 

NH^SCN gives no precipitate even after the addition of S0^>. 
(Distinction from Gu.) 

SnCl^ produces a brownish-black precipitate, soluble in HCl to an 
intense green solution. 


An iodine solution stains palladium black, but has no effect on 
platinum. 

Palladious salts are reduced to the metallic state by jfliosphorus, 
HgSOgjKNOg, formic acid, metallic zinc or iron, alcohol, and other 
organic compounds. 

Palladious chloride, obtained by dissolved PdS in boiling HCl is 
precipitated by ammonia as flesh-coloured palladammonium chloride, 
Pd(NHg) 2 Clg, soluble in ammonia to a colourless fluid from which 
HCl reprecipitates it as a yellow crystalline chloride, identical in 
composition. 

All palladium compounds are decomposed when ignited. 


^ * Palladium stows a very strong tendency to form compounds containing 
NHg (or NH3)(?). a great number of these are known. It is a point of 
resemblance to copper and cobalt. Undoubtedly they are amines— -that is, 
derivatives of ammonia in which one or more hydrogen atoms from one or 
more molecules of NHg have been replaced by the metal. Some of the 
hydrogen atoms in NHg seem to be decidedly labile. The solution in 
ammonia (above) is faintly blue, like copper, but fades rapidly, a pallad 
ammonium hydrate, PdN 2 Hg( 0 H).^, being formed. This forms a series of salts 
with acids, as PdN2He2HCl = ^NH^HCl 

Pd 



RHODIUM. 


SSI 


PALLADIO SALTS. 

PdOl^ is known only in solution. It is obtained when the metal 
is dissolved in aqua regia or when the oxide PdO^ is dissolved in 
strong HCh PdCl 42 NIl 4 Cl is formed as a bright i^d almost insoluble 
cryst^ine powder when NH^Cl is added to the PdOl^ solution and 
boiled, or when a palladious salt, as PdND. is boiled with HCl and 
NH,01 added. 

KHO added to the PdCl^ solution or the PdCl 42 K 01 solution 
and boiled gives a black precipitate of PdO^. In the cold a brown 
hydrated oxide is formed. This oxide dissolves very slowly in HCl, 
sometimes giving off free chlorine. 

The double chloride above mentioned is probably 


a 

I 

a 


/r 


y 

a 

I 

/r 


.Cl 


Cl 


and a number of amines are no doubt similarly constituted. 


Cl 

Pd 


A//i. 




Adf^-C^ 


Palladic sulphide also forms double salts with alkaline and other 
sulphides. ^ 

2. RHODIUM^ Rh", and also a pseudo-triad. Atomic 
weight, 104’06. — Found in small quantity in platinum ores, and 
frequently to a considerable extent in platinum residues, that is the 
insoluble portion after treating the platinum mineral with aqua 
regia. 

It is a whitish-grey metal, less ductile than platinum, and scarcely 
softened, even in the flame of the oxy-hydrogen blowpipe. The 
specific gravity of unfused rhodium is 10*64, that of the pure metal, 
after fusion, 12*1. Rhodium is unalterable in the air at ordinary 
temperatures, but oxidises at a red heat. It also combines with 
chlorine at a red heat. When pure and in a compact state it resists 
the action of the strongest acids, even of aqua regia ; but when 
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alloyed with other metals, as with Pb, Bi, Cu, and Pt, it is soluble 
in aqua regia ; when, however, alloyed with Au or Ag it does not 
dissolve. It is oxidised by fusion with dry potassium hydrate and 
nitre. Fusion with hydrogen potassium sulphate converts it into 
soluble potassium rhodic sulphate, KgRhjj(SO^)g. Mixed with sodium 
chloride and ignited in a current of chlorine, a double chloride of 
sodium and rhodium, 3NaGl,Rh'"Cl3l20H, (?), is formed, which is 
likewise easily soluble in water, forming a rosy red solution. 
Hydrogen is absorbed by rhodium powder even to a greater extent 
than by palladium. This form of the metal also decomposes the 
vapour of several carbon compounds, as ethylene, acetylene, &c. 

Rhodium forms several oxides, chlorides, sulphides, &c., in which 
the metal exists as a dyad, tetrad (pseudo-triad), or hexad element, 
thus: 

Rhodious oxide ...... 

Rhodic ........ 

„ dioxide ....... 

Rhodic trioxide (anhydride, acting as a weak acid) 

3, tetrahydroxide ...... 


Oxides. 

RhO 

Rh.,03. 

RhO.,. 

Rho;. 

Rh(OH), 


Sulphides. 

Bhp,. 

The most important compounds are the Rh^Clg and Rh^Oj. 
Rhodium salts are obtained w ith difficulty, owing to the insolubility 
of the metal and its oxide in acids. Their solutions are generally 
rose-coloured. 


Chloride?. 

Rhodious chloride . RhCl.^ Rhodious sulphide 
Rhodic chloride . RhClg Rhodic ,, 
or Rh.CJg. 


REACTIONS IN SOLUTION. 

Employ a solution of potassio-rhodic sulphate, or of the double 
chloride of sodium and rhodium. 

Soluble sulphides precipitate from a hot solution brown rhodic 
sulphide, Rh2S3, insoluble in ammonia sulphide, but soluble 
in boiling nitric acid. 

KHO, or NaHO, gives with the chloride a yellowish-brown pre- 
cipitate of rhodic hydrate, Rh.,(HO)g, soluble in excess; iu 
other rhodic salts this precipitate appears only on boiling. 

From a solution of rhodic chloride, KHO, producing at first no 
precipitate, gives on the addition of alcohol, a brown pre- 
cipitate of rhodic hydrate. 

NII4OII gives also a yellow flocculent precipitate, only formed, 
however, after some time, soluble in HCl, forming a rhoda- 
mine salt. 

KI produces a slight yellow precipitate. 
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Metallic zinc precipitates black metallic rhodium. 

KISTO, (potassium nitrite) gives with the chloride sn orange-yellow 
precipitate^ which is slightly soluble in water, and only very slowly 
decomposed by strong HOI ; characteristic. 

Rhodium is distinguished from the other platinum metals by its 
insolubility in aqua regia, its solubility in fusing KHSO^, and the 
behaviour of its chloride with potash and alcohol. 

Rhodium exhibits even a greater power than palladium to form 
amines or rhodium bases. A great number of these have been made, 
but there is still no certainty as to their constitution. Some are 
colourless, others rosy-red, and others again of a more or less marked 
purple colour. 

The following are cited as types only of some of these : 

Roseo-rhodium chloride = Rh2l0NH3Olg(H2O)g 
Luteo „ Rh.,12?sH3Clg 

Purpureo „ „ Ol 2 (Rh 2 lONH 3 )Ol 4 

The constitvition of this last class may possibly be expressed by : 







3. OSMIUM, Os", and also a pseudo-triad. Atomic 

weight, 198-49. — Found chiefly as a natural alloy of osmium iridium 
in platinum ores, which remains behind undissolved, when the ores 
are treated with aqua regia, in the form of white, metallic-looking, 
hard grains. This alloy is attacked by mixing it with common salt, 
or potassium chloride, and exposing it in a glass or porcelain tube to 
a current of moist chlorine gas. Osmic acid is formed, which vola- 
tilises, and can be condensed and fixed by passing the fumes into a 
solution of caustic potash. (Iridium remains behind in the tube as a 
double chloride, 2 KCl,IrOl 4 . This salt is obtained in reddish-bl^k 
regular octahedra, by recrystallisation from water.) The alkaline 
solution is evaporated with excess of sal-ammoniac, and leaves on 
ignition of the dry residue, and extraction with water, metallic 
osmium, as a black or grey powder, and with metallic lustre.. The 
densest metal has a specific gravity of 21*4. Intense white heat 
volatilises the metal, but does not melt it. In contact with air, it 
burns the more readily the finer the metal is divided, and is converted 
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into osmic anhydride, Red fuming nitric add, or aqua regia, 

dissolves osmium likewise, and oxidises it to 0a04. Very intensely 
ignited, osmium is rendered insoluble in acids, and has to be fused 
with nitre, and then distilled with nitric acid, when OsO^ distils 
over. , 

Osmium combines with oxygen, or chlorine, &c., in Several pro- 
portions, thus : 

Osmious oxide . OsO 
Osmic „ . OsjOj 

Osmic dioxide • OsO^ 

Osmious anhydride OsOg 
Osmic anhydride • OsO^ 

The two highest oxides combine with bases, and form osmites and 
unstable osmates. OsO^ is remarkable for its j)eculiar, exceedingly 
irritating, and offensive odour, resembling that of Cl and I, It 
attacks the eyes and the air passages, and is excessively poisonous. 
It is absorbed by water, and is precipitated from its solutions by all 
metals, even by mercury and silver, as a black metallic powder. On 
heating a mixture of finely divided osmium, or of the sulphide, 
with potassium chloride in a stream of chlorine gas, a double 
chloride, 0 s 2 C]g 6 KCl, 30 H 2 , is obtained, which crystallises from w^ater 
in dark red-brown, regular octahedra. The salt is insoluble in 
alcohol. 

The solution of this double chloride is more stable than that of 
the osmium chlorides, and may conveniently be employed for study- 
ing the reactions. 


Osmious chloride . OsClg 
Osmic tetrachloride OsCh 


REACTIOJiS IN SOLUTION. 

SH2, or sulphides, give a brownish-black sulphide, OsS, which 
only separates when a strong acid is present. The precipi- 
tate is insoluble in ammonium sulphide. 

Alkalies or their carbonates, produce a brownish-red precipitate 
of hydrated osmic dioxide, Os(IIO)j. 

On fusing the double chloride wdth dark grey OsO^ is 

obtained. 

Heated with tannic acid, or alcohol, with addition of HCl, the 
double chloride is reduced to the blue osmious chloride, OsClg 

A solution which contains osmic acid (and osmate) is remarkable 
for its great oxidising power. It decolorises indigo solution, separates 
iodine from KI, converts alcohol into aldehyde and acetic acid. Sodium 
sulphite yields a deep violet coloration and dark blu^osmious sulphite, 
OsSOg, gradually separates. Ferrous sulphate produces a black pre- 
cipitate of OsOg. Stannous chloride produces a brown precipitate, 
soluble in HCl to a brown fluid. All compounds of osmium yield 
the metal when ignited in a current of hydrogen. 

This metal also forhis amine bases, but not quite so markedly as 
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is tli0 case with either Pd or Rh. One has been described by Gibbs 
and Genth as OsOjCljN^Hjj. The formula given by Glaus is 

OsCI, 4NHj + 2H,0 

probably 


C£ jV:/(j i a 




\ 


A/Hj, 

6 b 


/\ 


o o 

H /i 


RXITHENriUM, Eu", and also a pseudo-triad. 

Atomic weight, 103-5. — Found in small quantity only, in that por- 
tion of the platinum ores which remains behind after treating with 
aqua regia. It is a greyish-white metal, closely resembling iridium, 
and very difficultly fusible. When heated in the air it becomes 
covered with bluish-black ruthenic oxide, EU 2 O 3 , insoluble in acids. 
When pure it is insoluble in acids, being scarcely acted upon by 
aqua regia ; fusion with hydrogen potassium sulphate is even with- 
out action upon it. 

It is attacked either by fusion with caustic potash and nitre, or 
potassium chlorate, and is converted thereby into potassium ruthen- 
ate, KgRuO^, a dark green mass, soluble in water to an orange- 
coloured fluid, which tinges the skin black, from separation of black 
ruthenic oxide. Acids (HNO3) throw down the black hydrate. 

Or it may be rendered soluble by ignition with potassium chloride 
in a current of chlorine gas, being thus converted into potassium 
ruthenic chloride, 2 KCl,Eu'''Ol 4 . 

Ruthenium forms several oxides, chlorides, ire., thus : 


Ruthenious oxide 
Ruthenic „ 

Ruthenic dioxide 
Ruthenic trioxide 
(anhydride) 

Ruthenic tetroxide 

(perruthenic anhydride) 


RuO 

RU2O3 

Rubo 

RllOg 

RuO, 


Rathenious chloride . RuClg 

Ruthenic chloride . . RugClg 

Ruthenic tetrachloride . RuCl^ 

(known only in combination) 

Ru.O, (also known only in combination) 


REACTIONS IN SOLUTION. 

A solution of ruthenic chloride, RujClg, prepared by dissolving 
in HCl^the ruthenic hydrate, precipitated by nitric acid from a 
solution, of potassium ruthenate, may be used. It forms an orange- 
yellow-coloured solution, which on heating is resolved into HCl and 

RU3O3. 

SHj produces at first no precipitate, but after some time the fluid 
acquires an azure-blue tint, and deposits brown ruthenic 
sulphide, RujSj. This reaction is very delicate and character- 
istic. 
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(NH^)jS produces a brownish-black precipitate, difficultly soluble 
in excess. 

KHO precipitates black ruthenic hydrate, Ru,(HO )5 hisoluble in 
alkalies, but soluble in acids. 

KCyS produce^ in the absence of other platinum metals, after 
some time a red coloration, which gradually changes to 
purple-red, and, upon heating, to a fine violet tint (very 
characteristic). 

Alkaline chlorides produce in concentrated solutions ciystalline 
glossy violet precipitates of the double chlorides, difficultly 
soluble in water, insoluble in alcohol. They are decomposed 
on boiling with water, with separation of black ruthenious 
oxychloride. 

KNO, forms a double salt, 3 KN 0 j,Ilu(N 03 ) 3 , readily soluble in an 
excess of the alkaline nitrite. On the addition of a few drops 
of colourless NH^HS, the solution assumes a splendid dark 
red colour, changing to brown, without precipitation of 
sulphide. 

Metallic zinc produces at first a fine azure-blue coloration (owing 
to the reduction of Ru^Clg to RuCl,), which subsequently 
disappeai’s, ruthenium being deposited in the metallic state. 


(B) As sulphides, soluble in yellovj ammonium sulphide : — Iridium, 
molybdenum, tellurium, selenium, and germanium. 


1. IRIDIUIVI, Ir", *'■, and also as a psudo-ti-iad. Atomic 
weight, 193‘2. — Specific gravity if melted about 22, if precipitated 
15 to 16. Found in platinum ores alloyed with platinum, chiefly, 
however, in combination with osmium, and left behind as a native 
alloy in the form of very hard metallic-looking brittle grains, when 
the ore is treated with aqua regia. In this condition or when 
reduced at a red heat by hydrogen, from any of its compounds, it is 
insoluble in every acid. Fusion with acid potassium sulphate oxi- 
dises, but does not dissolve it (distinction from Rh). When fused 
with caustic soda in a silver crucible with access of air or with 
sodium nitrate, it is likewise oxidised, but the compound of Ir^Og 
and soda is only slightly soluble in water. By the action of aqua 
regia the latter is dissolved to a deep black liquid, containing the 
double chloride of iridium and sodium, 2NaCl,IrCl4. This same 
compound is also obtained when a mixture of the iridium poAvder 
and dry sodium chloride is heated in a glass or porcelain tube 
in a current of chlorine gas, and the residue dissolved out with 
water. 

Iridium forms numerous compounds with oxygen, chlorine, iodine, 
sulphur, &c., in which the metal exists as a dyad, pseudo-triad, tetrad, 
or hexad, as will be seen from the following list ; 
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Oxides. 

Iridious oxide .... IrCK 

iridic 

Iridic dioxide (most stable) . . . IrO,. 

„ hydrate (bulky, indigo coloured) . Ir(HO)^. 

,, anhydride (not known in the free 

state) IrOj. 

Chlorides. Iodides. Sulphides. 

IrClg. Irl3. IrS, greyisljL-black. 

Ij'oSa? brownish-black. 

IrCl,. III,. 

All iridium chlorides are capable of forming crystalline double 
chlorides with the chlorides of the alkali metals. 

REACTIONS IN SOLUTION. 

A solution of the double chloride of sodium and iridium, 
(NaCl)2,IrCl,, may conveniently be employed. 

SHg first decolorises the iridium solution with separation of 
sulphur and reduction of the IrOl, to Ir^Clg, and finally pre- 
cipitates brown iridic sulphide, Ir^Sg. 

(NII,)2S produces the same precipitate, readily soluble in excess. 

KHO or NaHO, added in excess, colours the solution greenish, 
and precipitates a little brownish-black potassium double 
chloride. On heating the liquid with exposure to the air, it 
acquires at first a reddish tint which changes afterwards to 
azure-blue (distinction from Pt), and when evaporated to 
dryness and taken up with water, a. colourless solution 
is obtained, and a blue deposit of iridic dioxide is left undis- 
solved. 

KOI precipitates dark brown potassium iridic chloride, 2 KCl,IrC]„ 
insoluble in a concentrated solution of potassium chloride, 

NH,C 1 throws down from concentrated solutions a dark red 
powder, consisting of small octahedral crystals of the ammo- 
nium double chloride, 2 NII, 01 ,IrCl„ insoluble in a concen- 
trated solution of the precipitant. 

Reducing agents, such as potassium nitrite, oxalic acid, ferrous 
sulphate, stannous chloride, mercurous nitrate, reduce this 
double salt (as well as the potassium double chloride) especially 
when in hot solutions, to the sesqui-salt, : 

2 ( 2 KCl,Ir 01 ,) -h 4KNO3 = 6KCl,Ir,Cls + 2KNO3 -h N3O3. 

The double chloride crystallises out on cooling. 

When Ir(HO), is suspended in a solution of potassium nitrite,' 
and the solution saturated with sulphurous acid and boiled, with 
renewal of the water, as long as SO^ is given oflT, the whole of the 
iridium is converted into insoluble" brownish-green iridic stilphite, 
Ir(S03)3,40H3 (separation from Pt). 


Y 
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Metallic zinc precipitates black metallic iridium. 

Iridium salts are reduced by alcohol in alkaline solutions to 
iridious compounds. Iridious compounds are soluble in HOI. 

Iridium bases are formable similarly to other metals of this 
class. _ , 


IrN,H,Cl,. 

IrN,H„SO„ 

Ir,(NH;)„(SO,)„ 

T m J^'NTTT f chlorine is not 

^ detectable by AgN03, 

are types of some of these amides. 

Some of the type Ir^(NH3)g also seem to be existable. 


2. MOLYBDENUM, Mo", 'S and also a pseudo-triad. 
Atomic weight, 95*53. — Occurs only in a few minerals, more especially 
in molybdic disulphide (molybdenite, Mo^'^S^, resembling graphite), 
and as lead molybdate (wulfenite, or yellow lead ore), PbMoO^, 

Molybdic anhydride, M 0 O 3 , serves for the preparation of am- 
monium molybdate, a reagent largely used in determining phos- 
phoric acid, and best obtained from molybdenite, by first roasting 
the ore, at a red heat, in an open vessel, and dissolving the impure 
anhydride in strong ammonia. An acid ammonium molybdate, 
(NH^y^MOgOy + OH 3 , crystallises out, on cooling, in large transparent 
crystals. The metal is prepared by intensely heating the oxide in 
a charcoal-lined crucible. It is a sUver-^vhite, brittle, and exceed- 
ingly infusible metal, of specific gravity 8 * 0 . It is not afiected by 
exposure to the air, but when heated it becomes first brown, then 
blue, and finally white, passing through various stages of oxidation 
until it is converted into molybdic anhydride, M 0 O 3 . Molybdenum 
is insoluble in HCl, but is acted upon by HNO 3 or aqua regia, being 
converted into anhydride, if sufficient nitric acid be present. 

It forms with oxygen, chlorine, sulphur, tfec., compounds in which 
the metal exists as a dyad, pseudo -triad, tetrad, hexad, and octad, 
thus : 


Oxides, 


Molybdous oxide, MoO 
Molybdic „ M02O, 

= MoOjMoOg 
Molybdic dioxide, MoOg 
Molybdic trioxide 

or anhydride, M0O3 


Chlorides. Sulphide^, 

. — ■ — > , ^ 

MoCl, 

Mo^Clg 

M0CI4 M0S2 (the native molybdenite). 

— M0S3 (sulphomolybdic anhy- 

— dride). 

M0S4 (per-sulphomolybdic an- 
hydride). 


The higher oxide (anhydride) and sulphides form oxy- and 
sulpho-salts — molybdates and sulpho-molybdates. Black molybdous 
hydrate Mo(IIO) 2 , forms with acids molybdous salts, which absorb 
oxygen readily from the air, and are powerful reducing agents. The 
principal salts are, however, the molybdates. 
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DRY REACfTIONS. 

Molybdic anhydride, when heated on charcoal in the outer flame, 
first melts, and is then partly volatilised and forms a yellow crystal- 
line sublimate on the charcoal which turns white on cooling ; in the 
inner flame it is reduced to the metallic state (even without Na^COg) ; 
the metal can be obtained as a grey powder on levigating the char- 
coal. With borax, all oxides of molybdenum give in the outer flame 
a bead which is yellow when hot, and colourless on cooling ; in the 
inner flame, a dark-brown bead, which is opaque when excess of 
molybdenum has been used. 

REACTIONS IN SOLUTION. 

"Employ a solution of ammonium molybdate. 

The alkaline molybdates are soluble in water. Most others are 
insoluble. 

Nitric or hydrochloric acid precipitates white molybdic acid, 
HgMoO^, from a concentrated solution of a molybdate, 
soluble, however, in a large excess of the acid. 

SHg gradually precipitates from acidulated solutions brownish- 
' black molybdic trisulphide, M 0 S 3 , soluble in alkaline sul- 

phides or sulpho-salts, which are decomposed again by acids 
with precipitation of M 0 S 3 , especially on the application of 
heat. On the addition of a little SH^ only, the molybdate 
solution acquires at first a blue tint ; added in larger 
quantities it produces a precipitate, and the supernatant 
fluid appears green, till on the addition of excess of SH^ 
the whole of the metal separates, though slowly, as a tri- 
sulphide. 

(NH 4 ) 3 S gives a similar precipitate, soluble in excess. 

Reducing agents, such as SnCU, Hg 2 (N 03 ) 2 , Zn and HCl, <fec., 
produce changes, marked by alterations in colour to lower 
oxides. 

The principal and most characteristic reaction for molybdic anhy- 
dride consists, however, in precipitating it in a nitric acid 
solution, as yellow phospho-molybdate, or arsenio-molybdate, 
by the addition of a mere trace of soluble phosphate or 
arsenate. 

3. TEliLiX7RIT7M, Te", and Melting point, 452-455 ° C. 
Atomic weight, 125. — Occurs in a few places, and in small quantiti^ 
only native (graphic and foliated tellurium) ; more often in combi- 
nation with All, Ag, Bi, Pb, as a (sulpho) -telluride, analogous to 
sulphides, &c. ; or as tellurous acid, in combination with metallic 
bases. 

Tellurium exhibits all the physical properties of a metal, and 
resembles antimony in its general appearance. It is a white, brittle 
but readily fusible body, which may be sublimed in a glass tube. 
When heated in the air it burns with a greenish-blue flame, emitting 
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thick white fumes of tellurious anhydride, TeO,. It is insoluble in 
HCl, but dissolves readily in HNO3, forming TeO^, a white substance 
which fuses to a yellow fluid, at a gentle heat, and volatilises on 
stronger ignition in the air. Tellurous anhydride scarcely dissolves 
in water, and the solution does not redden litmus ; readily in HC], 
less so in HNO3. ^It also dissolves freely in potash or soda, slowly 
in ammonia, forming alkaline tellurites. On dilution with water, 
white telliu*ous acid, H2Te03, is precipitated from an acid solution, 
A nitric acid solution slowly deposits crystalline tellurous anhydride, 
even without the addition of water. 

Tellurium forms several oxides, chlorides, sulphides, &c., in which 
the metal is a dyad, tetrad, or hexad ; thus : 

Oxides. 

Tellurous oxide (anhydride) . 

„ acid 

Telluric oxide (anhydride) 

„ acid .... 


Tellurous, or dichloride . 

Telluric, or tetrachloride 

It also forms with hydrogen a gaseous compound (telluretted 
hydrogen or hydrotelluric acid), Tell., (analogous with SH^, and 
SeH,). 

Both the di- and tri-oxides are capable of forming with metallic 
substances basic salts called tellurites and tellurates. The alkaline 
and alkaline earthy tellurites — formed by fusing tellurous acid 
with the carbonates of these metals — are all more or less soluble 
in water ; all others obtained by double decomposition are insoluble. 
The tellurates of the alkali metals, prepared in like manner, are also 
soluble in water ; the others are insoluble. They can be prepared 
by double decomposition. 

The sulphides of this element act as sulpho-acids, forming, with 
the alkaline sulphides, sulpho-tellurites and tellurates. 

DRY REACTIOXS. 

When tellurites or tellurates are heated with charcoal and 
K^COj, they are reduced to potassium telluride, TeK^, which pro- 
duces a black stain on a moist silver plate, and is soluble in water, 
forming a dark-red solution. When HCl is added to this solution, 
hydrotelluric acid gas, TeH^, is evolved, resembling SH^ in smell 
and soluble in water, to a pale-red solution, which is decomposed 
in contact with air, with deposition of tellurium. 

All compounds of tellurium are readily reduced on charcoal in 
the inner flame. The reduced element is volatilised and forms a 
white scarcely visible deposit of tellurous anhydride on the char- 


TeO^ 

H;re 03 
. Te03 
• .. H,TeO, 

Chlorides. Sulphides. 

. '^’617 

. TeC], TeS, 

— TeS. 
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coal. Stannous chloride colours it black, owing to the separation of 
tellurium. 

With borax or microcosm ic salt a clear colourless bead is obtained, 
which, when heated on charcoal, is rendered grey and opaque, owing 
to reduced element. 


REACTIONS IN SOLUTION. 

A. TELiLtlTRIC COMPOUNDS. — Use a solution of potas- 
sium tellurate, K^TeO^ (obtained by fusing potassium tellurite with 
nitre). 

HCl does not decompose tellurates in the cold, but on boiling the 
solution, chlorine is evolved, and on dilution with water 
tellurous acid, H^TeOg, is iprecipitated, soluble only in a 
considerable excess of HCl. (Distinction of TeO, from 
TeO,.) 

B. TELLUROUS COMPOUNDS, t- Use a solution of 

potassium tellurite, K 2 Te 03 . 

HCl decomposes this solution and precipitates white tellurous 
acid. Tellurium resembles in this respect Sb and Bi compounds. 

SHg precipitates from acid solutions brown tellurous sulphides, 
TeSg, resembling in colour SnS, and very freely soluble in 
ammonic sulphide. 

Reducing agents, e,g.y Na^SOg, SnCl^, metallic zinc and HCl, a 
solution of sulphurous acid, &c., reduce tellurium compounds 
and precipitate black tellurium, which is insoluble in an 
aqueous solution of potassium cyanide. 

4, SELENIUM^ Se'\ and Varieties a and /3. Atomic 
weight, 78*8. Specitic gravity, a = 4*8; j3 = 4*2. Melting point 
0 = 217"^ C. ; /3= 125-130° O. Boiling point, a-Se= 67*6-68*3° C. 
/3= 66*4— 66*6° C. — Occurs in the free state at Culebras, Mexico, in 
crystals sometimes called riolite from Del Rio, who discovered it. 
It is also found in certain iron and copper pyrites, and where these 
are used for the manufacture of sulphuric acid, a red deposit of 
selenium is found in the chambers. It is found also as selenides 
of Pb, Cu, Hg, Ag, Fe, &c. Selenium, like sulphur, occurs in 
different allotropic states, amorphous and crystalline. The crystal- 
line or a-selenium is insoluble in CS^ ; ^ or amorphous selenium is 
soluble in CS^. 

Hecictiofis, — Heated in air it burns with a bluish flame and 
forms selenious anhydride, SeO^, whilst at the same time a dis- 
agreeable odour like decaying horse-radish is given off. The same 
oxide is formed when selenium is dissolved in nitric acid or aqua 
regia. 

It combines directly with bromine and chlorine, and also when 
heated with iodine, sulphur, phosphorus, and metals. 

Selenium conducts electricity slightly ; exposure to light increases 
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its conducting power; when heated its conducting power de 
creases. 

This remarkable property of selenium may probably be made use 
of for photometrical purposes. 

It dissolves in r strong sulphuric acid, forming a green solution, 
from which water precipitates the element as a red powder. 

Selenites containing selenic anhydride, SeOj, are formed by heating 
selenium or its compounds with carbonates and nitiutes of the 
alkalies. These oxides ^form two series of salts, viz., selenites and 
selenates. The selenites are the more stable of the two. 

DRY REACTIONS. 

Selenium compounds are reduced, when heated with Na^COg on 
charcoal, in the inner blowpipe flame, and may be readily recognised 
by the characteristic smell of horse-mdish which they give oft*. If 
the saline residue, which contains sodium selenide, SeNa^, be placed 
on a bright silver coin and moistened with a drop of water, a 
black stain is produced on the silver. Treated with dilute HCl, it 
evolves gaseous hydroselenic acid (selenietted hydrogen) SeH.„ 
analogous in composition and properties to sulphuretted hydrogen. 
It is an inflammable, foetid, poisonous gas, very soluble in water. 
The aqueous solution of SeH^ gradually deposits selenium on expo- 
sure to air; it precipitates selenides from solutions of many metallic 
salts. 

REACTIONS IN SOLUTION. 

A. SEIaEBTIC COIVEPOTTNDS. — Use a solution of potassium 
selenate, K^SeO^. 

Selenates are stable salts, closely resembling the sulphates. 
They are soluble in water with the exception of the barium; 
strontium, calcium, and lead salts, which are insoluble in w’ater and 
in dilute acids. 

HCl decomposes selenates, on boiling ; chlorine is evolved, and 
the salt is reduced to a selenite. (Distinction from SeO^j.) 

SHg does not produce a precipitate, till the selenate has been 
reduced to selenite, by boiling with HCl. 

BaClg produces a white precipitate of barium selenate, BaSe04, 
insoluble in water and in dilute acids ; decomposed by 
boiling HCl. 

B. SELENIOUS COMPOUNDS.— Use a solution of an 
alkaline selenite. 

The normal alkaline selenites are soluble in water, most others 
are insoluble ; nearly all acid selenites are soluble. HCl dissolves 
but does not decompose selenites. 

SH, produces from an acid solution of a selenite, a lemon-yellow 
precipitate of selenious sulphide, SeS^ (?), which almost im- 
mediately breaks up into its component elements Se 4- 
but is readily soluble in ammonium sulphide. 
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BaClg gives a white precipitate of barium selenite, BaSeO*, 
soluble in dilute HCl or HNO 3 . 

Reducing agents, such a« SO^, alkaline sulphites, SnOl^, metallic 
Zn, and Fe, precipitate selenium from acidulated (HOI) 
solutions, as a red powder, which turns gi’ey at high tem- 
peratures, and is soluble in KCy solution. (FeSO^ is without 
action.) Metallic copper ,is immediately coated black when 
placed in a warm solution containing hydrochloric acid, and 
on standing the solution turns light red, from separation of 
amorphous selenium. 

5. GERMANriUM, Ge" and — -This metal was discovered 

by C. Winckler in argyrodite^ which is a sulphogermaniate of silver. 

The metal is silvery-white and brittle, it melts at about 900'' C., 
and volatilises at a little higher temperature. Its specific gravity is 
5 *47 and its specific heat 5'4. Dry chlorine combines with the metal 
and forms GeCI^, a colourless liquid that boils at 86 "^ C., fumes in 
the air, and is decomposed by water. HNO 3 acts on the metal and 
gives a white oxide ; H^SO^ dissolves it, and by evaporation of the 
solution and ignition of the residue GeO^ is obtained ; HCl is without 
action upon it. 

GeO is a greyish-black powder soluble in HCl. This solution of 
germanous chloride gives a yellow precipitate with alkalies, a white 
precipitate with H^FeCy^, and a reddish brown precipitate with H^S. 
It reduces permanganates and gold and mercury salts. 

Acid solutions of GeO^ give a white precipitate of GeS^ by the 
action of SH^. The precipitate is soluble in ammonium sulphide. 

Group I. comprises the rare metals precipitable by HCl, viz., the 
metal tungsten, or wolfram, which is precipitated as tungstic acid, 
HgWO^, and thallium precipitated as thallous chloride, TlCl. 
Several other metals already treated of in Group III. besides thal- 
lium, viz., niobium, tantalum, molybdenum, are likewise precipitated, 
but the precipitated acids (HNbOj, HTa 03 , and H^MoO^) dissolve 
again in an excess of hydrochloric acid. 

TUNGSTEN, or WOLFRAM, and Atomic weight, 
183*6. — This metal occurs in nature as trioxide in the form of 
tungstates, in combination with the bases CaO, FeO, MnO, in the 
minerals wolfram, Fe"(Ca)WO^, and CaWO^, scheelite, &c. 

The metal can be obtained by intensely heating the oxide in a 
current of hydrogen, or combined with some carbon by fusion in the 
electric furnace. It forms an iron-grey powder, of specific gravity 
19*12, very difficultly fusible, and becomes again oxidised to 
tungstic anhydride, WO 3 , when heated in air. Dry chlorine gas 
converts it into dark violet, WCl^, which sublimes, and a mor© 
volatile red compound, WCl^. Both chlorides are decomposed by 
water into the corresponding hydrates, with formation of HOI. 
The metal is insoluble, or scarcely soluble, in acids, even in aqua 
regia. 
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The following are some of the more important compounds which 
tungsten forms with oxygen, chlorine, and sulphur : 


Tungstic anhydride (Ifemon-yellow) 

Tungstic dioxide (brownish-black) 

Intermediate (blue-coloured) oxide 

Tungstic anhydride can be prepared from wolfram or tungsten, 
by digesting the finely divided mineral in aqua regia, till it is com- 
pletely decomposed, and evaporating to dryness on a water bath. 
The metallic chlorides are dissolved out with acidulated water, and 
the residue, which contains a little silica and sometimes niobic acid, 
washed with alcohol and treated with ammonia. Tungstic acid is 
dissolved, and silicic and niobic acids are left behind. From the 
ammonia salt, pure anhydride is obtained by the evaporation of the 
filtrate and ignition. 


Oxides, Chlorides, Sulphides. 

. woi] ■ 

. wo, WCl. ’ 

. w,o, WCl, 

= WO*,WO, WCl,, WCl, 


DRY REACTIOXS. 

When heated on charcoal in the reducing flame, together with 
Na^COg and KCy, tungstic anhydride is reduced to a black powder, 
containing metallic tungsten. Heated with microcosmic salt tung- 
sten compounds give a colourless bead in the outer flame ; in the 
inner flame a blue bead, w^hich, on the addition of a little FeSO^, 
changes to blood-red. The addition of tin changes the red bead to 
blue or green. 


REACTIONS IN SOLUTION. 

A solution of sodium tungstate, Na^WO^, may be used. 

The alkaline tungstates are soluble in water, all others are 
insoluble, and can be obtained by double decomposition. 

Mineral acids (HCl, HNO3, H^SO^) precipitate white tungstic 
acid, HgWOj, It turns yellow on boiling, and is quite insoluble in 
excess of the acids. (Distinction from Mo 0 .j.) Non-volatile acids 
{e.g,j phosphoric, tartaric) precipitate it likewise, but the precipitate 
is soluble in excess. It is also readily soluble in ammonia. 

SHg produces no precipitate from an acid solution, but reduces 
the tungstic acid to the blue oxide, W^O.. 

(^11^)28 produces no precipitate from alkaline tungstates, but on 
acidulating with HCl, light brown tungstic trisulphide, 
WS3, is precipitated, slightly soluble in pure water, but 
. insoluble in the presence of salts. The solution is coloured 
blue. The precipitated sulphide dissolves readily in ammo- 
nium sulphide. 

SnClg gives at first a yellow precipitate ; on acidulating with 
HCl and applying heat, the precipitate acquires a beautiful 
blue colour. This reaction is very delicate and highly 
characteristic. 
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Zinc sub-sulphite, obtained by treating a sulphite with zinc, 
reduces tungsten compounds to a deep brown tungstous 
oxide of unknown composition ; in small quantities a deep 
blue colour only may be produced. 

Sodium tungstate is used commercially for rendering fabrics 
difficultly combustible so that they will not burn with 
flame. 


GAIjLiIXTIMC^ Ga'". Atomic weight, 69*9. Specific gravity in 
the solid state 5*956 at 24*5^ O., that of the liquid at the same 
temperature is 6*069'^. Melting point 30*1". 

This metal was discovered in the zinc blende of Pierrefifcte in the 
valley of Argeles, Hautes Pyrenees, but is contained in greater 
abundance in that from Asturia, and still more so in the black 
blende of Bensberg (Rhine) ; it has also been found in exceedingly 
minute quantities in blende from other localities. 

Gallium is a hard metal of a greyish-white colour, which 
tarnishes slightly in moist air. When melted it adheres to glass, 
forming a whiter mirror than that produced by mercury. It 
remains in a state of superfusion with great facility, a globule of it 
may remain liquid for an indefinite period ; it possesses some 
malleability, and may be cut with a knife. Metallic gallium is 
obtained by subjecting the pure oxide or basic sulphate dissolved in 
a solution of potassium hydrate to electrolysis, when it is deposited 
in the liquid state on the negative platinum electrode, which should 
be very much smaller than the positive electrode. 

Heated to redness the metal does not volatilise appreciably, but 
becomes coated with a film of oxide. It is scarcely attacked by nitric 
acid in the cold, but dissolves readily when heated with hydrochloric 
acid ; a solution of potassium hydrate dissolves it with evolution of 
hydrogen. 

Extraction of Gcdlium from its Ores , — ^The blende is digested in 
aqua regia, 5 parts hydrochloric, 1 part nitric, the solution is then 
boiled to expel the greater part of the nitric acid, and slips of pure 
zinc are immersed in the solution, and withdrawn when the evolu- 
tion of hydrogen has almost, but not entirely, ceased ; by this 
means the Ou, Pb, Cd, Ir, Tl, Ag, Hg, Se, As, &c,, are for the most 
part removed. A large excess of zinc is added to the clear fluid, 
which is then boiled for some hours ; a bulky gelatinous precipitate 
then comes down, consisting of alumina, basic salts of zinc, and 
gallium. This precipitate is redissolved in hydrochloric acid, ammo- 
nium acetate is added, and the metals precipitated with sulphuretted 
hydrogen. The solution in hydrochloric acid of the white sulphides 
is fractionally precipitated with sodium carbonate ; the gallium is 
found in the first portions ; the point where the precipitation may 
be stopped is easily recognised by spectroscopic examination.^ The 
gallium is separated from the zinc by solution in sulphuric acid and 
addition of excess of ammonia. Much of the gallium remains 
dissolved in the ammonia, which is recovered by boiling till excess of 
ammonia is expelled ; the excess of ammonia salts is then decom- 
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posed with aqvia regia, and the ^lium and zinc are separated by 
fractional precipitation with sodium carbonate. The pure gallium 
oxide precipitated by ammonia, is dissolved in potash and electro- 
lysed. Five or six Bunsen cells are able to decompose 20 or 30 cc. 
of a strong soluti<jfi. The gallium is easily separated from the 
platinum by bending it under cold water. 


In some of these elements the metallic character is but slightly 
developed. Tungsten and molybdenum, for instance, foi*m oxides of 
a very decided “ acidic ” character. 

The resemblances between selenium and tellurium and sulphur 
compounds are too marked to be mistaken. 

The compounds of the higher oxidation stages of chromium, 
molybdenum, and tungsten also resemble those of sulphur, selenium 
and tellurium in a marked degree. 

Osmium, on the other hand, resembles more the nitrogen, phos- 
phorus, arsenic group in the general characters of its compounds. 

When speaking of or comparing the *' metallic ” character of an 
element, the properties of silver or copper are generally held to be 
the most typical both from a physical and chemical point of view. 
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Alkaloids form a class of organic compounds which act as bases 
combining with acids to form salts. Most alkaloids are of vegetable 
origin and nearly all contain nitrogen. 

The reactions only of morphine, narcotine, quinine, cinchonine, 
strychnine, and brucine are here given. 

The alkaloids may be divided into two groups, volatile and non- 
volatile. To the first group belong only nicotine and conine amongst 
those most frequently occurring. The second group may be divided 
into three sub-groups. I. Alkaloids precipitated from solutions of 
their salts by KHO or NaHO, but soluble in excess of the precipi- 
tant. II. Alkaloids precipitated by KHO or NaHO, but insoluble 
in excess. They differ from the alkaloids of the third sub-group in 
being thrown down from acid solutions by KaHCOj. III. Alkaloids 
precipitated by KHO or KaHO, insoluble in excess, but not precipi- 
tated from acid solutions by NaHCOj. 

I. Alkaloids Peecipitated by KHO, Soluble in Excess. 

MORPHINE (or MORPHIA), O^H^^NO,. 

Morphine occurs, together with narcotine and several other less 
important alkaloids, in opium, the dried milky juice of the green 
capsules of the poppy {Papaver som/niferun^. Morphine crystallises 
with 1 molecule of water, and usually forms either brilliant white 
needles, rhombic prisms, or a crystalline powder. It has a bitter 
taste, is almost insoluble in water, and but slightly so in alcohol and 
ether. Its best solvent is amyl alcohol. Morphine parts with its 
water of crystallisation at 120°, and if carefully heated may be 
sublimed without decomposition. 

A solution of morphine hydrochlorate of about 1 per cent, is 
employed for the reactions. 

NHpH precipitates after some time a white precipitate of 
C,yHjjN 03 , 0 Hj. The precipitate is readily soluble in NaHO and 
KHO, but with more difficulty in ammonia. It is also soluble in 
NH^Cl and with difficulty in (NHJjCOj. 

Acid and normal alkaline carbonates give the same precipitate, 
insoluble in excess. 

Concentrated HNO, gives with solid morphine or one of its salts 
a yellowish-red colour, not altered to violet by SnCl, or thio-sulphate. 
(Distinction from brucine.) 

Cold concentrated H,S 04 dissolves morphine to a colourless 
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solution. If this solution is allowed to stand for twelve hours, and 
then heated to ISO"" for a short time, and after cooling a drop of 
HNO3 of density 1*2 is added on a porcelain plate, a coloration is 
oteerved, which is sometimes violet at first changing to blood-red, 
and then yellow. ^ , 

A solution of molybdic acid, Frohde^s reagent,* or a molybdate of 
an alkali in strong H^SO^, added to morphine or a dry salt of 
morphine on a porcelain plate, gives a deep violet colour at once ; 
this colour gradually changes to olive-green, and then to a deep blue 
on stirring. If a small quantity of morphine be disi^olved in about 
1 cc. of concentrated HCl, a drop of strong H^SO^ added, and the 
mixture heated on the water-bath until the HCl is driven off, a 
purplish residue is obtained. This residue is treated with a little 
HCl, and neutralised with a cold saturated' solution of HNaC03, 
and then one drop of an alcoholic solution of iodine added — the 
liquid becomes emerald- green. On shaking with ether the substance 
(apomorphine) is dissolved to a violet-red solution. Fe^Clg gives, 
with strong solutions of morphine salts, a dark-blue coloration which 
is destroyed by the addition of acids ; excess of fen-ic chloride should 
be avoided. 

II. Non-volatile Alkaloids, Precipitated by KHO or NaHO, 

INSOLUBLE IN ExCESS, ALSO PRECIPITATED BY IINaC03, EVEN 

FROM Acid Solutions. 

NARCOTINE, C,3H,3NO,. 

Narcotine is found together with morphine in opium. It is 
insoluble in water, and only sparingly soluble in alcohol, ether, and 
light petroleum. It is easily soluble in benzene, but its best solvent 
is chloroform. Narcotine melts at ITb' . All narcotine salts possess 
an acid reaction. 

Any salt of narcotine may be employed for the reactions. 

All alkalies, their carbonates and bicarbonates, precipitate narco- 
tine immediately in the form of a white powder, crystalline under 
the microscope. 

Concentrated HNO3 dissolves narcotine on warming with 
evolution of nitrous fumes, and forms a reddish-yellow solution; 
on heating more strongly more fumes are given off, and the solution 
becomes yellow. 

Concentrated H^SO^ dissolves narcotine with a pale greenish - 
yellow colour changing to pure yellow. On heating in a porcelain 
dish, the solution becomes orange-red and violet-blue at the edge, 
and when the sulphuric acid begins to evaporate, it assumes a dirty 
reddish-violet colour. 

If a small quantity of narcotine be dissolved in Erdmann^s 
reagent,t a brownish colour is first formed, becoming red. 

Erohde’s reagent * dissolves narcotine, forming a green solution. 

* 0*005 grin, of sodium molybdate dissolved in 1 cc. of concentrated H.JSO4. 

t 6 drops of HNO3, density 1*25, mixed with 100 cc. of water, and 10 drops 
of this solution are added to 20 grms. of pure concentrated H2SO4. 
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If the solution, however, contains double the amount of sodium 
molybdate, the green colour changes to a magniicent cherry-red. 

Chlorine water gives a yellow colour, changed by NH^OH to a 
yellowish-red. 

If a solution of narcotine in strong ;is heated until the 

red coloration appears, and then added, the portions of the 

liquid in contact with the ferric chloride become red with brilliant 
violet edges, and after 10 or 15 minutes a cherry-red coloration is 
produced. 

If narcotine or one of its salts be dissolved in dilute H^SO^ and 
MnOj added, and the mixture boiled, the alkaloid is oxidised into 
opianic acid, cotarnine, and GO^. On filtering and adding NH4OH, 
no precipitate is produced. 


QUININE, 0,oH,4NA. 

Quinine occurs in cinchona barks together with cinchonine and 
several other bases. It may be obtained crystallised either anhy- 
drous or, with three molecules of water of crystallisation. In the 
hydrated state, it effloresces on exposure to the air. Quinine is 
sparingly soluble in cold, but more readily soluble in hot water, 
but still more so in alcohol, ether, chloroform, and carbon disulphide. 
Crystallised quinine melts at o7° in its water of crystallisation, which 
it loses at 100"^ ; when anhydrous it melts at 177 

The neutral salts of quinine are sparingly soluble in water ; the 
acid salts, however, are readily soluble, and solutions of many of them, 
especially the sulphate, exhibit a bluish fluorescence. A solution of 
quinine sulphate acidulated with dilute H^SO^ turns the polarised 
ray strongly to the left. (Distinction from cinchonine.) 

The alkalies and their normal carbonates precipitate quinine 
from not too dilute solutions in the form of an amorphous powder 
which soon becomes crystalline, as seen, under the microscope. If a salt 
of quinine be precipitated by means of ammonia, ether (containing 
2 per cent, of alcohol) added, and the mixture shaken, the pre- 
cipitated quinine redissolves in the ether, and the clear liquid forms 
two layers. Quinine may be separated from cinchonine by this 
process. 

HNaCOg forms a precipitate only from moderately strong solu- 
tions ; the precipitate is somewhat soluble in excess, and contains 
carbonic acid. 

Strong IINO3 dissolves quinine to a colourless solution, becoming 
yellowish on heating. A nitro-derivative is formed. 

Chlorine water (about one-fifth its volume) added to a solution 
of a quinine salt does not colour the solution, but on the addition 
of NII4OH in excess, an intense emerald-green colour is produced. 
If after the addition of chlorine water some solution of K^FeCyg is 
added, and then a few drops of ammonia, the solution acquires a 
deep red tint, speedily changing to a dirty brown. The red colour 
is destroyed by an acid, but may be reproduced by the cautious 
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addition of NH^H. This reaction is most characteristic, but is 
interfered with by the presence of morphine. 

If quinine sulphate is* dissolved in a little acetic acid, alcohol 
added, and then sufficient alcoholic solution of iodine to colour the 
liquid brownish, the sulphate of iodoquinine (herapathite) separates 
out after a short tiihe as a black crystalline powder, or in the form 
of plates, which ai*e beautifully dichroic, and polarise light strongly. 
This reaction is very characteristic, and by the employment of the 
microscope very delicate. 

Concentrated HgSO^ dissolves quinine and its salts, forming a 
colourless or faintly yellow solution ; on heating the colour changes 
to yellow and afterwards to brown. Erdmann’s reagent only gives a 
faint yellow colour. 


CINCHONINE, C,,H,,N,0. 

Cinchonine occurs in cinchona bark, together with quinine and 
other alkaloids. It forms either transparent, brilliant rhombic prisms 
or fine white needles, or, if precipitated from concentrated solutions, 
a loose white powder. 

Cinchonine is almost insoluble in both hot and cold water. It is 
but sparingly soluble in cold alcohol, but somewhat soluble on boiling, 
from which solution most of the cinchonine crystallises on cooling. 
It is almost insoluble in ether, chloroform, and light petroleum, but 
dissolves readily in chloroform mixed with one-fourth or one-third of 
its bulk of alcohol. 

When cinchonine is cautiously heated it melts, and gives off white 
fumes, which condense upon cold surfaces in the form of small 
brilliant needles, or as a loose sublimate, a peculiar aromatic odour 
being exhaled at the same time. 

Cinchonine salts are in general more soluble than the correspond- 
ing quinine compounds. The solutions are not fluorescent, and turn 
the flame of the polarised ray to the right. 

Alkalies and their normal carbonates immediately precipifate 
amorphous cinchonine, insoluble in excess. 

HKCO 3 and HNaCOj give the same precipitate. 

Concentrated H^SO^ dissolves cinchonine, forming a colourless 
liquid, which on warming becomes first brown, and finally black ; the 
same change of colour is noticed on the addition of HNO3. 

Chlorine water causes no changes of colour, but on adding NH^OH 
a yellowish-white precipitate is produced. 

If K^FeCyg is added to a neutral solution of a cinchonine salt, a 
yellowish flocculent precipitate of cinchonine ferrocyanide is formed. 
On the addition of excess of the precipitant, and on gently and slowly 
heating, the precipitate dissolves, but separates on cooling in brilliant 
gold-yellow scales, or in long needles, often aggregated in the shape 
of a fan. With the aid of a microscope this reaction is most delicate 
and characteristic. 

Quinine and cinchonine may be separated from narcotine by 
repeatedly shaking up the acidified solution with chloroform ; the 
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chlorofomr is tliBii S6pa^rd«t6d, and ammoiiia and ©tlior contain* 
ing 2 per cent, of alcohol added to the aqueous solution, when the 
cinchonine separates out, and the quinine dissolves in the ether. 
The alkaloids may then be readily tested by the reactions given 
above, 

III. Non-Volatile Alkaloibs, Precipitated by KHO or NaHO, 
Insoluble in Excess; not Precipitated BY HNaC03. 

STRYCHNINE, 

Strychnine is found, together with brucine, in the fruit of the 
Strych/iios nux-voniica and Strychnos ignatii. It occurs either in 
white, brilliant, rhombic prisms, or as a white powder. It possesses 
an alkaline i^eaction, and is intensely bitter. Strychnine is almost 
insoluble in water, absolute alcohol, ether, and light petroleum. It 
is slightly soluble in ether containing water and alcohol, amyl 
alcohol and benzene, but very readily soluble in chloroform. 

Strj’chnine does not melt without decomposition, but by careful 
heating small quantities may be sublimed unchanged. 

Most salts of strychnine are soluble in water and alcohol, insoluble 
in ether, chloroform, amyl alcohol and benzene. All the salts taste 
intensely bitter, and are very poisonous. 

KHO, NaHO, and Na^CO^ precipitate strychnine as a white 
crystalline powder, insoluble in excess. 

NH^OH gives the same precipitate soluble in excess; after a 
short time, however, the strychnine crystallises from its solution 
in ammonia in the form of needles. HNaCOg added to a neutral 
solution of a strychnine salt precipitates the alkaloid in the form of 
fine needles, insoluble in excess. If, however, a drop of acid be 
added, so as to form free carbonic acid, the precipitate is redissolved, 
although the solution may still be alkaline. As the free carbonic 
acid escapes on exposure to the, air, the strychnine is gradually 
reprecipitated. 

KSCN gives immediately from strong solutions, but only after 
some time from dilute solutions, a white crystalline precipitate, 
insoluble in excess. 

HgClg forms a white precipitate consisting of clusters of needles ; 
it is soluble on boiling, but recrystallises on cooling. 

If strychnine is dissolved in concentrated H^SO^, and then 
brought into contact with any oxidising agent (such as K^CrO^, 
K^Mn^Og, KgFCgOyjg, PbO^, or MnO^), best in the solid condition, 
the liquid assumes a magnificent blue- violet colour, which changes 
to red and then to reddish-yellow. The reaction may be performed 
by precipitating the strychnine as a chromate by means of K^CrO^, 
freeing the precipitate from moisture as far as possible, and treating 
it on a watch-glass with strong H^SO^, when the blue-violet or blue 
colour is observed. 

The most delicate reagent for strychnine is the green liquid 
obtained by dissolving 1 part of K^Mn^Og in 2000 parts of strong 
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but under these conditions other organic substances may 
cause a similar colour to be generated. 

This reaction is impaired by the presence of chlorides, nitrates, 
and large quantities of organic matter, so that the strychnine 
should be obtained as free as possible from impurities before em- 
ploying the abovd test. It should be mentioned that curarine 
gives the same reaction as strychnine with H^SO^ and K^OrO^, but 
a distinction is that the curarine is coloured red by H^SO^ alone, 
and that its coloration with K^CrO^ is more permanent than in the 
case of strychnine. 

If a few drops of a solution of ammonium vanadate in 100 to 
200 parts of strong H^SOj be added to a little strychnine on a 
watch-glass and allowed to remain a few moments until the mix- 
ture becomes darker in colour, and the watch-glass then slightly 
inclined, a magnificent blue colour will be seen at the moment the 
vanadium sulphate solution runs off the residue ; this colour soon 
turns to violet, and then to vermilion or reddish-yellow. If KHO 
or NaHO be added as soon as the red colour appears permanent a 
rose or purplish-red colour is produced which becomes more bril- 
liant on dilution. This reaction is not so delicate as the previous 
one, but has the advantage of scarcely being aftected by other 
organic matter. 

Chlorine-water gives a white precipitate, soluble in ammonia, to 
a colourless liquid. Strong HNO3 dissolves strychnine and its salts 
to a colourless solution, becoming yellow when heated. 

BRUCINE, 

Brucine occurs together with strychnine in different kinds of 
strychnos. 

It crystallises with four molecules of water in the form either of 
right rhombic prisms, clusters of needles, or a white crystalline 
powder. 

Brucine is sparingly soluble in cold, but rather* more so in hot 
water. It is readily soluble in alcohol, amyl alcohol, and chloroform, 
but less so in benzene, and almost insoluble in absolute ether. It 
possesses an intensely bitter taste. 

When heated, brucine fuses with loss of its water of crystalli- 
sation, but on careful heating it may be sublimed unchanged. Its 
solution in alcohol rotates the polarised ray to the right. 

KHO, NaHO and Na^COg precipitate brucine, insoluble in excess. 
The precipitate when first formed is granular, but may be seen 
under the microscope to change suddenly into needles with the 
absorption of water, 

produces a whitish precipitate with brucine salts ; this 
precipitate appears to consist of minute oily drops which gradually 
change with the absorption of water to small needles. The fresh 
precipitate, before absorption of water, is readily soluble in excess, 
but brucine soon crystallises from the solution in small groups of 
needles. 
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HNaCOj precipitates, as in the case of strychnine, brucine from 
neutral solutions of its salts, soluble in free carbonic acid ; from 
acid solutions no precipitate is produced. 

Strong HNO3 dissolves brucine and its salts to an intensely red 
solution, which afterwards becomes a yellowish i^d, and yellow on 
warming. On the addition of SnCl^, or colourless NH^HS, to the 
solution, and then heated, an intense violet colour is formed, from 
concentrated solutions a violet precipitate- With NaHS instead of 
the above reducing agents the violet colour afterwards changes to 
green. 

Strong H^SO^ gives with brucine or one of its salts a pale rose 
colour, which afterwards becomes yellow. Erdmann's reagent gives 
the same colours. 

Hgj,(N03).„ as free as possible from acid, gives a colourless solu- 
tion which on heating on a water-bath graduaUy assumes a fine 
carmine colour. ( Distinction from strychnine, which gives no colour 
with Hg,(N03),.) 

Frohde's reagent gives a red, changing to reddish -orange, fading 
rapidly. 

K.,Cr04 gives a yellowish-red crystalline precipitate after some 
time. 

Chlorine-water added to a brucine salt gives a bright red colour, 
changed by ammonia to a yellowish-brown. 

K.SCN gives a granular precipitate from strong solutions at once, 
from dilute solutions only after some time. 

HgOl, gives a white granular precipitate. 


SEPARATION OF STRYCHNINE, BRUCINE, 
VERATRINE, AND ATROPINE. 

Strychnine is separated from the other members of this group 
by cold absolute alcohol, in which it is insoluble, all the others 
being readily soluble. The alcoholic solution of brucine, veratrine, 
and atropine must be diluted with water and shaken up with light 
petroleum, which dissolves the brucine and veratrine, the atropine 
remaining in the aqueous solution. If this aqueous solution be 
shaken up with ether, the atropine is pai^tially dissolved, but 
leaving the veratrine in solution. This separation of brucine and 
atropine is not altogether satisfactory, and for confirmation the 
respective colour tests should be resorted to. Other methods of 
separation will also be suggested after the foregoing reactions for 
alkaloids have been gone through, but in no case should the separa- 
tion by means of different solvents be regarded as conclusive, unless 
these observations are confirmed by the most characteristic tests for 
the substances suspected. 

It may be here incidentally remarked, that, if the alkaloids to 
be tested are mixed with various foreign organic matters, they 
must first be separated by means of precipitation by various general 
reagents. The reagents which either precipitate all the alkaloids 
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or most of them are (I) PtCl^ ; (II) a solution of iodine in KI ; 
(III) potassio-mercuric iodide; (IV) potassio-cadmium iodide; 
(V) potassio-bismuthous iodide ; (VI) phosphomolybdic acid ; 
(VII) phosphoantimonic acid ; (VIII) phosphotungstic acid ; and 
(IX) picric acid. 

By means of these reagents the alkaloids are precipitated in 
various states, and suitable methods must then be used to separate 
the alkaloids from the compounds formed, which will readily be 
suggested from the reactions of the various precipitants of the 
above reagents. 

Both platinic and auric chlorides unite with alkaloids, or rather 
with their hydrochlorides, forming double salts, very similar to the 
manner in which ammonium chloride and chlorides of bases of the 
aniline type, as CgHjNHjHCl, unite with these chlorides. 

Most of these combinations can be decomposed by SHj. 

Picric acid combinations are, generally, easily decomposed by 
ammonia. 
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APPENDIX V. 


Unfobtunatblt from time to time several methods of writing the 
formulae of chemical substances have been proposed and partly 
adopted, consequently there are several modes in use, empirical, 
structural or constitutional, and graphic. All the.se are useful 
under certain circumstances. Structural formulae are almost a 
necessity when dealing with so-called organic compounds. And,, 
further, it is quite correct to use them always with organic com- 
pounds, as in most cases they represent at least one way in which 
the organic compound can be built up or synthesised. With 
minerals this is seldom the case ; we know little of the “ structure 
of minerals excepting by analogy. It is, however, desirable that we 
should, wherever possible, express in a formula the constitution of 
the compound, for that will, or should, exhibit how and in what 
manner it will react with another substance. 

The formulae used in this book are, as far as minerals are con- 
cerned, empirical, showing only the number of atoms of any par- 
ticular element united together, and generally the least possible 
number. 

By the adoption of a somewhat arbitrary arrangement most of 
these empirical formulae may be converted into a “ structural ” one, 
in which one idea, at any rate, of the constitution of the substance 
may be exhibited and the same number of atoms indicated as 
taking a part by the purely empirical formulae stUl retained. 
Again, from these “ structural ” formulae graphic may be formed, 
by arranging the atoms in space with regard to each other, so that, 
as far as we at present know, the element in a compound, with the 
greatest “ fixing ” or combining power for other elements taking its 
power in this respect for hydrogen as unity, is considered as the 
dominating element ; and its affinities must be first satisfied before 
those of other elements come into play. 

This may be a correct assumption or only partially so. 

The ordinary formula for sulphuric acid is H^SO^. It is alone 
used in this book for simplicity. The action of peroxide of hydro- 
gen on SOg shows that it maybe considered as S02(0H)j. When 
SOj comes in contact with water, H^O, a direct union, as far as we 
can see, takes place, and hence the constitution would be HjOSOj, 
unless an internal change takes place. The action of a metal, in 
presence of water, on sulphuric acid is to expel two hydrogen atoms, 
which might point to its being H,SO,. The action of SO* on 
PbOj or MnOj results in the formation of PbSO., or MnSO^, a 
similar case to the first example. The action again of dry H^SO^ 
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on NaCl, whereby NaHSO^ and HCl are formed, points to the con- 
stitution H.SO3.OH. The electrolytic decomposition may point to 
HjSO^ but the action is probably very complex. 

Several compounds of oxides of sulphur with chlorine, with oxides 
of nitrogen, or even with HCl, are known, and their method cf 
formation points to the existence of the group llO in the acids of 
sulphur; and also in most, if not all, other so-called oxy-acids or 
negative hydrates like nitric or phosphoric acid. The action of 
PClj and POClj on some of these acids, as H^SO^, also, by analog}' 
with the HCtions of these reagents on alcoholic and similar bodies, 
points to the existence of HO in combination. * 

The compounds PCI3, PCI., and POClj act on water thus ; 

PCI 3 + H 3 O = POCl + 2HC1 ; PCL + H^O = POCI 3 -h 2HC1, &c. 

On alcohol, C^HjOH thus : 

PCL + C3H.OH = POCI3 + HCl + C3H.CI. 

Also on acetic acid, 

CH3COOH + PCI3 = POC13 + HCl + CH3COCI. 

Also POCI3 on sulphuric acid, 

2 SO 3 OH ^ = -®^30H + ^ 

It will be seen from this that great difficulties exist in ascer- 
taining the real structure of mineral compounds as yet ; but it does 
no harm whatever to form a mental picture of the possible structure 
of these bodies, keeping as close to experimental facts as possible. 

The following table is therefore arranged so that from the prob- 
able constitution of the acid that of the salt may be expressed. 

The metallic bases are distinguished as monad, dyad, triad, tetrad, 
pentad, and hexad, the acid representing the monad combination 
being in the first column. 

Other metals are represented by M", M'", M’', M”. In 

addition to the normal salts, various other constitutional formulae 
of mixed and basic compounds are given. The basicity of the acid is 
placed in brackets after its empirical formula. 



Acid. formula. Dyad salts. Triad salts. Tetrad salts. Pentad^salts. Hexad salts. 
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From the above examples iu which the structural formul® of 
mono-, di”, tri- and tetra-basic acids are given, it will be found easy to 
deduce general rules for making structural formulae for all sorts, 
especially if the relative proportion of the metal to the negative 
element is carefully noticed. 

The examples are given only in the case of normal salts; but it 
will be found simple, if they are well remembered, to construct consti- 
tutional formulae for any acid or basic salt, and from these graphic 
formulae ; 


Examples of Graphic Eorrmlm. 


0 


H,SO, 


li 

H— 0— S— OH 


II 

0 


Ferric sulphate. 

0 0 0 0 0 0 

s s s 

/\ /\ /\ 

0 0 0 0 0 0 



H,SiO, 


Felspar. 

Si,O..K,AI, = 

0 

/\ 


0 

/\ 


0 

/\ 


K— 0— Si— 0— Si— 0— Si 0 Si— 0— Si— O-Si-0— K 



See also in the text the nucleus group formulae proposed for some 
double salts as the chloroplatinates and others. 

Many points in this connection are waiting for further investi- 
gation. 

See, in this connection, papers on constitutional formula of 
inorganic compounds in the “ Zeitschrift fiir unorganische chemie " 
during the year 1897. 
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It is most particularly recommended that all reagents be made 
up for the use of students as equivalent solutions. There is no 
diflSculty whatever in carrying this out, and the advantage in 
practical teacliing is very great. Approximately equal volumes 
of reagent solutions will then react completely, or neutralise each 
other. 

The tendency is generally to take too much for an analysis, and 
be in consequence working with very concentrated solutions and pre- 
cipitates it is difficult to wash properly. An equivalent reagent 
solution will be found to help most speedily in correcting this. 

These remarks appeared in a previous edition. Extended trial 
has further proved their advantages over the ordinary uncertain, 
indeed unknown, solutions. An additional table is given after this 
one, slightly modified from Mr. Reddrop’s paper in the Chemical 
Aews (No. 1591). 


REAGENTS. 

SOLVENTS. 

Distilled Water.* — Obtained by condensing steam by means of 
a tin worm. The first portions of the condensed water usually con- 
tain carbonic anhydride and ammonium carbonate, and should be 
rejected. 

Impurities . — When evaporated in a platinum vessel, distiSed water 
should not leave a solid residue, either organic or mineral. Ammo- 
nium sulphide ought not to give a precipitate (Cu, Pb, Fe), neither 
ought basic lead acetate to cause a turbidity (COj, (NH^)jC 03 ). No 
turbidity or precipitate should be produced on the addition of 
ammonium oxalate (lime), barium chloride (sulphates), or silver 
nitrate (chlorides). Pure distilled water is colourless, inodorous, and 
tasteless. 

Water used for Nessler’s test should be specially distilled in a glass 
retort with a few pieces of caustic potash and a little permanganate 
of potash, and the distillate rejected as long as the Nessler solution 
indicates any traces of ammonia. 

Alcohol (Methylated Spirit), CjH^HO or EtHO.— Ordinary 
methylated spirit (i.e., ethylic alcohol, 90 per cent.), may be employed 

* The asterisk maiks the more important reagents. 
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for most purposes. It can be rendered practically absolute by shaking 
with well-dried potassium carbonate, and distilling the clear spirit in 
a flask or retort from, a water-bath. 

Impurities . — Commercial methylated spirit frequently leaves a 
residue on evaporation ; if so, it should be rectified by distillation. 
It should be without action on. litmus papers. 

Ether. — Ordinary ether (methylated, i.e.j prepared from methy- 
lated alcohol) of commerce is pure enough. It should have some 
dried in. the bottle. 


ACIDS. 

Sulphuric Acid,* H^SO^. — Common oil of vitriol may be used 
in all operations with which its usual impurities (lead, arsenic, iron, 
lime, nitric acid) do not interfere. Sulphuric acid, free from arsenic, 
should be employed for generating arsenious or antimonious hydride, 
and an acid free from lead, whenever this metal has to be pre- 
cipitated as sulphate. Sulphuric acid, free from nitric acid and nitric 
peroxide, must be employed in testing for nitric acid by means of 
ferrous sulphate. 

Impu7nties . — Pure sulphuric acid is colourless, and leaves no 
residue on evaporation in a porcelain dish. When a solution of 
ferrous sulphate is poured upon it in a narrow test-tube, it should 
not form a brown ring where the two liquids come in contact (nitric 
acid and nitric peroxide), nor strike a blue colour when a highly 
diluted solution of the acid is added to a solution of pure potassium 
iodide and starch paste (nitrous acid). The presence of arsenic is 
best ascertained by passing a current of sulphuretted hydrogen 
through the dilute acid, or by generating hydrogen from zinc free 
from arsenic, and passing the gas through an ignited combustion - 
tube (Marsh’s test, Fig. 14). Lead sulphate is frequently found in 
sulphuric acid, and is precipitated on diluting with water, being less 
soluble in dilute than in concentrated acid. Hydrochloric acid should 
cause no ^rbidity (lead) where the two liquids meet. 

The pure acid can readily be bought, and the student need not 
attempt to purify the crude acid. 

Dilute Sulphuric Acid.* — ^Prepare by pouring slowly one part 
by measure of the concentrated acid (sp. gr. 1 ’ 8 ) into five parts by 
measure of distilled water, with continuous stirring. Thin glass 
vessels (beakers), or a porcelain dish, should be employed, as much 
heat is evolved. Allowed the lead sulphate to subside, and decant or 
syphon off the clear liquid. 

Nitric Acid (Aqua Fortis) HNO 3 . — Should be colourless, and 
leave no residue on evaporation in a glass dish. 

Impurities . — Sulphuric and hydrochloric acid. Dilute consider- 
ably, and test portions with baric nitrate and silver nitrate. 

Dilute Nitric Acid.* — ^P repared by diluting one part of pure 
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"commercial acid (sp. gr. 1’88 to 1*45), with three parts of distilled 
water. 

Crude Nitric Acid.* — May be employed fo;: all experiments in 
which the above impurities do not interfere, e.ff., in the preparation 
of N^Og or N 5 O 3 by the action of nitric acid upon copper or arsenious 
anhydride. 

Concentrated Hydrochloric Acid,* Muriatic Acid, HCl. — 
Should be colourless, and leave no residue on evaporation. 

Impurities . — Ferric chloride, sulphurous and sulphuric acids, 
arsenic. The dilute acid should not impart a blue colour to a 
solution of KI and starch paste (Cl or Fe^OlJ. — On adding a few 
drops of a solution containing iodide of starch, the blue colour should 
not be destroyed (SO^). The dilute acid should remain clear on the 
addition of a solution of barium chloride (H^SO^). Sulphuretted 
hydrogen, when passed through the dilute acid should not produce 
a precipitate (arsenic), nor should ammonium sulphocyanate redden 
the diluted acid (iron). 

Crude Hydrochloric Acid.* — Should be employed whenever 
the impurities which it contains do not interfere with the object 
in view, as, for instance, in the preparation of chlorine from man- 
ganic dioxide. 

Aqua Regia or Nitrohydrochloric Acid. — Prepared, when 
required only, by mixing one part of concentrated nitric acid with 
three to four parts of hydrochloric acid. 

Sulphurous Acid, H^SOg. — Prepared by acting with concen- 
trated sulphuric acid upon copper, and passing the gas into water. 
The solution should be kept in a well-stoppered bottle. ^ 

Carbonic Acid Water. — A solution is prepared by acting with 
hydrocholoric acid upon marble, and passing the evolved carbonic 
anhydride into water. 

Chlorine Water. — A solution of chlorine in water is readily 
prepared. It should be kept in a well-stoppered bottle, and in a 
dark place, since on exposure to light, it is speedily converted into 
HCl with evolution of oxygen. 

fCH 

Acetic Acid.* | It should leave no residue on evaporation. 

Impurities . — Sulphuric and hydrochloric acids, lead, copper, iron, 
lime. 

Tartaric Acid, C^H^Og = T(HO) 3 . — A solution is prepared 
when required only, as the acid undergoes decomposition in an 
aqueous solution. 

Impurities , — Tartaric acid contains sometimes gypsum and 
calcium tartrate, which are best tested for by igniting a few crystals 
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on platinum, extraditing the residue, if any, with a few drops of 
dilute BLOl, and adding to one portion BaOl^, to another ammonia 
and ammonium oxalate. 

Oxalic Acid, ^^0304. The commercial acid is sufficiently 
pure. It should not leave more than a trace of a residue on 
ignition. 

Im'pwrities. — Iron, potassium and sodium oxalates, lime. 

Hydrofluoric Acid, HF. — K. solution stored up in a gutta- 
percha bottle is best bought, as its preparation involves expensive 
apparatus. It should leave no fixed residue on evaporation to 
dryness. 

Hydrofluosilicic Acid, 2HF,SiF4. — A solution of this acid in 
water is prepared as described under silicates, &c. It should.be made 
sufficiently strong to precipitate a soluble barium salt readily. 

Impwnxties. — Owing to the mode of preparation the acid is often 
contaminated with sulphuric acid. It should not produce a precipi- 
tate in a solution of a strontium salt. 

Hydrosulphuric Acid, SH^. — Prepared when required. In 
well-appointed laboratories sulphuretted hydrogen is now usually 
stored in a gasholder over oil, and supplied like coal gas from small 
taps, in closets, connected with the chimney. The gas, whether 
obtained from a constant generating apparatus, or from a gas- 
holder, should invariably be passed through a wash-bottle containing 
water. A saturated solution of sulphuretted hydrogen in water 
answers most purposes of the analyst. It should be kept in a well- 
stoppered bottle, since sulphuretted hydrogen decomposes rapidly 
when in contact with air with formation of sulphur acids and 
precipitation of white sulphur. * 

If the gas be required entirely free from AsHg, it should be 
generated by acting with pure HOI (concentrated) upon native greif 
antimony^ Sb^Sg. 


BASES AND METALS. 

Potassium Hydrate,* KHO, or Sodium Hydrate, NaHO. — 
Usually obtained in commerce in the form of sticks or lumps. 

Impurities. — Silica, alumina, phosphoric, sulphuric, and hydro- 
chloric acids (sulphates and chlorides, often in not inconsiderable 
quantities), and carbonic acid. On dissolving in water, and allow- 
ing the^ suspended matter to subside, the clear solution may be 
syphoned off. 

Pure sodium hydrate is indispensable for the separation of alumina 
from the oxides of iron and chromium. 

Ammonium Hydrate,* NH^OH. — The liquor ammonii caustid of 
commerce has a sp. gr. *88. 

Impurities. — II solution of ammonia should be colourless j on» 
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neutralising with pure HOI it should remain inodorous. When evapo- 
rated in a glass or platinum dish, it should not leave any residue. 
Ammonia frequently contains traces of sulphuric and hydrochloric 
acids, and sometimes not inconsiderable quantities of ammonium 
carbonate, when it will produce a white precipitate on the addition 
of lime-watex*, and ^metimes other bases. 

Barium Hydrate,* Ba(HO,). 

Impurities . — The solution, commonly called baryta- water, should, 
on precipitating with pure H^SO^, give a filtrate which leaves no 
fixed residue on evaporating to dryness in a platinum vessel. 

Calcium Hydrate,* Ca(HO) 2 . — Freshly slaked lime in powder 
is used in qualitative analysis, as weU as a solution of lime, so 
called lime-water. This is prepared by dissolving in cold distilled 
water some freshly slaked lime, allowing to subside in a stoppered 
bottle, and syphoning off the clear liquid into another bottle. 

Ammonium Sulphide,* — Prepared by saturating three 

parts of ammonic hydrate with sulphuretted hydrogen gas, whereby 
SHNH^ is formed. On diluting this solution of hydrogen ammonium 
sulphide with two parts of ammonium hydrate, a sulphide is obtained 
which contains a little free ammonia. The concentrated solution 
may be diluted withjben times its bulk of water. It should be kept 
in well-stoppered bottles. Calcium or magnesium salts should not 
be precipitated ; nor should the solution leave a residue on evapora- 
tion and ignition. The oxygen of the air decomposes it gradually 
into NH 3 , OH,, and yellow ammonium sulphide = 

Yellow Ammonium Sulphide. — Used for the solution and 
conversion of SnS into SnS^,. It may be prepared by digesting the 
neutral (NHJ^S with flowers of sulphur, and filtering the liquid. 

Sodium Sulphide, SNa^. — Prepared b}^ saturating one portion of 
a solution of sodium hydrate with sulphuretted hydrogen, and 
adding it to the second portion. A little ferrous sulphide, which is 
generally precipitated, is filtered off. The solution must be kept in a 
well-stoppered bottle. 

SoDA-iiiME AND Charcoal. — ^This is a most useful reagent for 
ammonia, mercury, arsenic, cadmium, in the dry way. Mix two 
parts CaO with one part NaHO and one of charcoal, moisten with 
water and mix thoroughly into a paste ; place in a covered clay 
crucible, and dry thoroughly in an oven ; pound up, and keep 
closely corked up. 


SALTS. 

Hydrogen Bisodium Phosphate,* HNa^PO^-i- 12 Aq. — Recrys- 
tallise the commercial salt. 
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Imp^wtitws . — Sulphate and chloride. Ammonium hydrate should 
not cause any turbidity on warming (alkaline earthy phosphates). 

f OH 

Sodium Acetate | + 6 Aq. The commercial salt gene- 

rally contains sodium sulphate. If a pure salt caneiot be procured, 
sodium acetate may be prepared by neutralising pure sodium carbo- 
nate with pure acetic acid. 

Sodium Hypochlorite, OlNaO. — Prepared by shaking up one 
part of bleaching powder with ten parts of water, and adding a 
saturated solution of commercial sodic carbonate as long as a pre- 
cipitate is produced. Allow to subside, and syphon off. 

Ammonium Oxalate.* — Purify the commercial salt by recrystal- 
lisation. 

Impurities . — ^The salt should leave no fixed residue on ignition. 
Sulphuretted hydrogen or ammonium sulphide ought not to produce 
a turbidity or a precipitate. 

Ammonium Carbonate.* 

Impurities. — Iron, lead, sulphuric and hydrochloric acids. The 
salt should volatilise completely, and give no precipitate with barium 
chloride or silver nitrate (after acidulating with hydrochloric or nitric 
acid respectively), also no precipitate with sulphuretted hydrogen or 
ammonium sulphide. 

Hydrogen Ammonium Carbonate, NH^HCOj. — Obtained in 
colourless rhombic prisms, on passing carbonic anhydride to super- 
saturation into a concentrated solution of ammonia. The salt is 
employed for the separation of AS2S3 from Sb^Sj and SnSg. A satu- 
rated solution is prepared when required. 

Ammonium Chloride.* — The commercial salt (sal-ammoniac) 
usually contains iron. Purify by adding to the solution a little 
ammonium hydrate. Allow the ferric hydrate to subside, and 
neutralise the alkaline filtrate exactly with pure HCl. The salt 
should leave no fixed residue on ignition. 

Ammonium Molybdate. — This salt may be purchased. It is dis- 
solved in strong ammonia and allowed to stand for some time. A 
slight yellow precipitate containing ferric hydrate, usually subsides. 
The clear fluid is poured into concentrated nitric acid as long as the 
molybdic acid which at first precipitates is entirely redissolved. The 
nitric acid solution should remain colourless on boiling. A yellow 
precipitate indicates contamination with phosphoric acid, and the 
reagent should not be used till it remains clear on digestion. 

Ammonium 'Sulphate. — Recrystallise the commercial salt from 
an ammoniacal solution in order to separate iron. Keep a saturated 
solution for use. 
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AMMomuM Nitrate, NH^NOj. — The commercial salt is dissolvied, 
when required, to a saturated solution. It should leave no residue 
when ignited on platinum. 

Barium Chloride,* BaCl, + 2 Aq. — ^The commercial salt is 
rarely pure enough, and not infrequently contains lead. It should 
not give a precipitate with sulphuretted hydrogen or ammonium 
sulphide, nor should a residue be left after precipitating the whole 
of the barium by pure sulphuric acid and evaporating the filtrate 
in a platinum dish. Purify, if necessary, by passing a current of 
sulphuretted hydrogen, filtering, and recrystallising. 

Barium Nitrate, Ba(NOj),. — Should not be precipitated by 
silver, nitrate, as it is sometimes employed, instead of barium 
chloride, in order to avoid introducing any chlorine into a solution. 
Pure barium acetate answers the same purpose. Por other im- 
purities, test as for barium chloride. 

« 

Barium Carbonate, BaCOg, — Prepared by precipitation of pure 
barium chloride with ammonium carbonate and ammonia. Wash 
well till free from stir up the precipitated barium carbonate 

with water to a thick creamy consistency, and keep it for lise in a 
stoppered bottle. Shake up before using this reagent. 

Calcium Chloride,* CaCl^ + G Aq. — The solution should be 
neutral to test-papers, and should not be precipitated by ammonium 
sulphide (iron). 

Calcium Sulphate, CaSO^. — A saturated solution is prepared by 
repeatedly shaking up gypsum with water, allowing to subside, and 
syphoning off the clear liquid. 

Magnesium Sulphate. — The commercial salt (MgSO^OH^ 4- 
6 Aq.). Recrystallise. 

Ferrous Sulphate. — ^The commercial salt, FeSO^ + is 

pure enough. 

Ferric Chloride,* Fe^Clg. — Prepared by dissolving freshly pre- 
cipitated and well ^washed Fe 3 (HO)g in pure ELCl, keeping the ferric 
hydrate in excess. 

Silver Nitrate,* AgNOg. — Prepared either from silver (pure), 
or^ from a silver alloy (a silver coin), by dissolving in pure nitric 
acid, and precipitation as AgCl. Filter off the copper salt, and wash 
thoroughly with hot water ; transfer to a porcelain dish, and intro- 
duce clean strips of zinc. Collect the finely divided silver on a filter, 
w^h thoroughly with hot water acidulated with a little sulphuric 
acid, and dissolve in dilute nitric acid. Fvaporate the solution to 
dryness, and fuse the residue gently. 
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Nesslee’s SoiiUTiON. — Dissolve 3*5 grms. of KI in 10 cc. of 
water ; next dissolve 1-6 grm. of HgCl, in 30 cc. of water ; add the 
mercury solution gradually and with continuous agitation to the 
solution of potassium iodide^ until the precipitate ceases to be redis- 
solved ; then add 60 cc. of potassium hydrate and filter. Keep in a 
small bottle, out of contact with ammonia fumes. 

This reagent is of great value for the detection of mere traces of 
ammonia. 

Cupric Sulphate. — ^The commercial salt (CuSO^ + 5 Aq.) is puri- 
fied by repeated crystallisation. 

Impwinties. — Iron, zinc. 

OuPEOUS Chloride, 'Cu'^Cl^. — Obtained by digesting CuCl^ with 
metallic copper and HOI. 

Stannous Chloride, SnCl^. — ^Prepared by boiling pure granu- 
lated tin in concentrated HCl, with the aid of a piece of platinum 
foil. Keep the filtered solution over granulated tin in a small 
stoppered bottle. It is best made as wanted in a test-tube. 

Auric Chloride, AuCl^. — Prepared by dissolving pure gold in 
aqua regia, evaporating to dryness on a water-bath and dissolving 
in water. ^ 

Platinic Chloride, PtOl^. — Di^olve some platinum scraps in 
aqua regia. Precipitate with NH^Ol. Collect precipitate on a 
Swedish filter-paper ; wash with strong alcohol ; dry and ignite in 
a porcelain crucible, gently at first, and lastly to intense redness. 
Redissolve the spongy platinum in aqua regia. Evaporate repeatedly 
to dryness on a water-bath, with addition of HCl. Pure platinic 
chloride should dissolve completely in pure alcohol. 

Zinc, free from arsenic, granulated, and in the form of strips or 
sticks. 

Iron (steel), Copper, Tin, Lead, Platinum (used in the form of 
wire, bars, sheets, turnings) and Mercury can be obtained of sufficient 
purity for the purposes of qualitative analysis. 

Metallic Lead free from Silver. — Prepared by precipitation 
of lead acetate by metallic zinc, washing with hot water, then alcohol 
and melting in a dry crucible. 

Plumbic Dioxide, PbO^. — Readily prepared by digesting red 
lead in boiling dilute nitric acid. The brown powder is well washed 
by decantation, and lastly on the filter. 

Manganic Dioxide, MnO^. — Use the powdered commercial black 
oxide. 

Hydrogen Peroxide, O^H,, or (HO),. — A solution may be pr^ 
pared by passing a current of carbonic anhydride through water in 
which barium peroxide is suspended. The precipitated banum 
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carbonate is filtered off. The commercial article usiially contains a 
little free mineral acid, such as HOI or H^SO^, added in order to 
prevent its spontaneous decomposition. Hydrofluosilicic acid is also 
sometimes met with, used probably (in excess) to remove any soluble 
barium salt. 

Reagents used for Fusions and for Blowpipe Reactions^ 

Sodium Carbonate,^ Na^COj. — Should be free from sulphate and 
chloride. 

Fusion Mixture,* or White Flux. — Consisting of dry Na 2 C 03 
and KjCOg, mixed in the proportion of their combining weights, i.e., 
106 4- 138, or in the proportion of 10 to 13. 

Pure carbonates free from silica, chlorides, and sulphates, should 
be procured, as their purification cannot be effected without using 
silver and platinum vessels. 

BUwk Flux . — Prepared by igniting crystals of Rochelle salt 
(potassio-sodium tartrate) in a platinum or iron crucible. The 
residue consists of carbon and alkaline carbonates. 

Microcosmic Salt,* NH^NaPO^ + 8 Aq.— The salt should be 
dried, and used in the form of a powder. On being heated in a loop 
of platinum wire it is converted into NaPOg. 

Potassium Cyanide,* KCy. — Exceedingly useful for reducing 
metallic oxides and sulphides, either in the crucible or on charcoal. 
For blowpipe reactions a mixture of equal parts of KCy and Na^COg, 
(or fusion mixture) is preferable, because it sinks readily into the 
charcoal, and yields metallic globules of great purity. For the 
separation of Ni and Co the salt is dissolved, when required, 
in twenty parts of cold water, as its aqueous solution is rapidly 
decomposed. 

Potassium Nitrate,* KNO 3 . — Used as an oxidising agent. The 
commerical salt should be purified by dissolving the crystals in hot 
water to a saturated solution, and allowing to cool in a porcelain dish 
with continuous stirring. The nitrate falls out first as a fine white 
powder, meal nitre,’’ and the impurities — e.g,^ phosphate, sulphate, 
or chloride — are left in the mother-liquor. 

Potassium Chlorate,* — This salt can readily be obtained 

pure — i.e., free from chloride. Either by itself, or in conjunction 
with hydrochloric acid, it serves as a powerful oxidising agent. 

Borax,* B^O^^NaO)^ or Na^B^O^ + 10 Aq. — ^The crystals should 
be gently heated in a platinum crucible till the water of crystallisa- 
tion has been driven off, and the mass kept powdered and ready for 
use in blowpipe reactions. 
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Hyde^m Potassium Sulphate, KHSO,.— Prepared by heating 
in a platinum dish 87 parts of normal potassium sulphate with 
49 parts of pure sulphuric acid, till the clear mass fuses steadily. 
Pour out on a porcelain slab, and keep the lumps in a bottle. 

COBALTOUS Nitrate, Co(N 03 ),.— Used in solution only. Should 
be free from other metals. It is best to dissolve the nitrate in hot 
water, saturate with ammonia, and either expose to air or add a few 
drops of HjO,. After it has formed a brown solution, filter, and 
neutralise with nitric acid. 


Vegetable Colouring Matters— TeaUpa/pera. 

lAtmua Solution, — Digest the small pieces of commercial litmus 
with pure water until a strong purple-blue solution is formed, and 
filter. It should be diluted so that one drop of reagent — diluted 
HCl — ^added to half a pint, will turn it red, and a similar quantity of 
NHpH turn it blue. Litmus-paper is made by immersing filter- 
paper in above solutions, and drying out of contact with acid or 
ammonia fumes. 

Turmeric Paper. — Prepared by digesting at a gentle heat one 
part of turmeric root with six paits of alcohol. Filter and soak 
strips of porous paper with the yellow extract. The dried papers 
should exhibit a fine yellow tint. Like litmus-papers, they serve for 
the detection of free alkalies. All test-papers should be kept in 
well-stoppered bottles or wooden boxes. 

Indigo Solution.— Prepared by gradually stirring four to six parts 
of fuming sulphuric acid into one part of finely divided indigo, and 
allowing the mixture to stand for 48 hours before pouring into it 
20 parts of water. Filter, and keep for use in a dark place. The 
solution of indigo is used for detecting nitric acid, chloric acid, and 
free chlorine, owing to the formation of products of oxidation of a 
yellow colour. 

A considerable number of organic substances have been proposed 
as colour reagents in the same sense as litmus; that is, for dis- 
tinguishing the point where acidity ends or where alkalinity begins. 

Some of these are mentioned in the Appendix on Volumetric 
Analysis. 



374 EQUIVALENT REAGENTS. 




Molecular 

weight. 

Equivalent 

weight. 

Equivalent Syatem. 

Name of Beagrent. 

Symbol. 

* 

Guns. 






per litre. 

Strength. 

Sulphuric Acid . « . 


98 

49 


36 N 

*> 

99 

99 

>1 

— 

6 N 

»> 

99 

99 

If 

49 

N 

Nitric Acid 

HNO 3 

63 

63 

— 

24 N- 

»5 

99 

99 

99 

— 

16 N 

>» 


99 

9 9 

— 

5 N 


99 

99 

99 

63 

N 

Hydrochloric Acid . 

HCl 

36-5 

36*5 

— 

10 N 

9» 

>> 

99 

f f 

— 

5 N 


99 

99 

99 

36*5 

N 

Sulphurous Acid . . 

H 3 SO 3 

82 

41 

— 

4 N- 

Carbonic Acid 

H^CO, 

62 

31 

— 

N 

10 

Acetic Acid . 

HC 3 H 3 O 3 

60 

60 



17 N 


99 

99 

11 

— 

5 N 

»» 

99 



60 

N 

Tartaric Acid . 

HAH 4 O 3 

150 

75 

— 

5N 


99 



75 

N 

Citric Acid 

H 3 C 3 H 3 O, 

192 

64 

— 

5 N 


99 

51 

15 

64 

N 

Oxalic Acid . 

H 3 C 3 O 4 

90 

45 

— 

3 N 

2 

Hydrofluoric Acid . 

HF 

20 

20 


12 N? 

Hydrofluosilicic Acid 

H.,SiF^ 

144 

72 

— 



99 

51 

'5 

— 

N 

Hydrogen Sulphide 

H 3 S 

34 

17 

— 

N_ 

4 

Chlorine Water 

CI 3 

71 

35*5 

— 

N_ 

5 

Bromine .... 

Br* 

160 

80 

— 

37 N 

Bromine Water 





N 

5 9 

15 

99 


2 

Hydrogen Peroxide 

H 3 O 3 

34 

17 



4N~ 

»5 






2 N- 

Potassium Hydrate 

KHO 

56 

56 



5 N 

>5 

Sodium Hydrate 

NaHO 

11 

40 

51 

40 

66 

N 

5 N 

»» 

Ammonium Hydrate 

nh’oh 

99 

35 

•5 

35 

40 

N 

20 N- 

9f 

99 

11 

11 

— 

5N 

>5 

9 9 

51 

51 

35 

N 

Barium Oxide . 

BaO 

153 

76*5 

— 

N 

3 

Calcium Oxide 

CaO 

56 

28 

— 

N 

20 

Ammonium Sulphide 

(NH,)^ 

68 

34 

— 

5 N 

5J 

99 

If 

15 

34 

N 



MODE OF PREPARATION 


375 


Symbol of 
SubBt-ance 
taken. 

Method of Preparing Beagent. 

1 1 1 M 1 1 1 1 1 1 1 

Sulphuric acid, sp. gr.1'8427 at 15*5® C.t 

Sulphuric acid diluted to sp. gr. 1-1527 at 15•5^ 

200 cc. of 5 N sulphuric acid diluted to 1 litre. 

Nitric acid sp. gr. 1*50. 

Nitric acid sp. gr. 1*4268 at 15*5° C. 

Nitric acid diluted to sp. gr. 1*1656 at 15*5° 0. 

280 cc. of 5 N nitric acid dilated to 1 litre. 

Hydrochloric acid sp. gr. 1*1611 at 15*5° C. 

Hydrochloric acid dilated to sp. gr. 1*0843 at 15*5° C. 

200 cc. of 5 N hydrochloric acid diluted to 1 litre. 

Water at 15*5° C. saturated with sulphur dioxide (sp. gr. 
1052). 

Water at 15*5° C. saturated with carbon dioxide. 

H3oXo„Aq 

Acetic acid solid at 10° C. 

294 cc. of 17 N acetic acid diluted to 1 litre. 

200 cc. of 5 N acetic acid diluted to 1 litre. 

375 grm. dissolved and diluted to 1 litre. 

75 M if 

3o0 ,, ff }> 

70 fj ff ft 

H2C.^O^,2Aq 

94*5 ,, ,, •f 

— 

Hydrofluoric acid, sp. gr. 1*15 1 

— 

Water at 15*5° C. saturated with hydrogen sulphide. 

— 

Water at 15*5° C. saturated with chlorine. 

— 

Pure liquid bromine. 

Water at 15*5° C. saturated with bromine. 

— 

Hydrogen peroxide, 20 volume solution. 

280 grms. dissolved and diluted to 1 litre. 

56 „ » 

200 ff » 

40 ,, » »» 

Ammonium hydrate sp. gr. 0*880. 

Ammonium hydrate diluted to sp. gr. 0*9643 at lo*5 

200 cc. of 5 N ammonium hydrate diluted to 1 litre. 

KHO 

NaHO 

5J 

BaHjOjpSAq 

52*5 grm. dissolved and diluted to 1 litre. 



Water at 15*5° C. saturated with calcium hydrate. 

— 

Saturate 600 cc. of 5 N ammonium hydrate with in a 

corked flask, and then add 400 cc. of 5 N ammonium 
hydrate. 

200 cc. of 5 N ammonium sulphide diluted to 1 litre. 
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lEQUIVALENT REAGENTS. 



Symbol. 

Molecular 

weight. 

» 

Equivalent 

weight. 

Equivalent System. 

Name of Beagent. 

"Grms. 
per litre. 

\ 

Strepgth. 

Sodium Sulphide . * . 

Na^S 

78 

39 

— 

5N 


» 

>* 


39 

N 

Potassium Cyanide . 

KCy 

65 

65 

65 

N 

Potassium Sulphate 

K^SO^ 

174 

87 

87 

N 

Potassium Iodide . 

KI 

166 

166 

166 

N 


ft 

»» 

»» 

— 

N 

5 

Potassium Chromate 

KjCrO* 

194*5 

97*25 

97-25 

N 

PotassiumMetantimoniate 

KSb03 

209 

209 

3-07 

N 

Potassium Feirocyanide . 

K,FeCy, 

368 

92 

92 

N 

Potassium Ferricyanide . 

K»Fej9y,^ 

658 

109-7 

109*7 

N 

Potassium Sulphocyanate 

KCyS 

97 

97 

97 

N 

Sodium Carbonate . 

Na,CO, 

106 

53 

— 

3 N 



»» 

9t 

53 

N 

Hydrogen Disodium Phos- 
phate .... 

HNa^PO^ 

142 

47-3 

47-3 

-^orN 

Sodium Acetate 

NaC,H,0. 

82 

82 


4 N 

Sodium Sulphite 

NaJbOj 

126 

63 

— 

2 N~ 

Sodium Thiosulphate 

NaB^Og 

158 

79 

79 

N 

^orN 

Sodium Hypochlorite 

NaClO 1 

74*5 

74*5 



— 

Ammonium Acetate 

NH.C^HaO. 

77 

77 

— 

5 N 




»» 

77 

N 

Ammonium Oxalate 

(NH,),C,0, 

124 

62 

37 *2 

3 N 

5 

Hj-drogen Di-ammonium 
Phosphate . 

H(NH,),PO^ 

132 

44 

44 

2 N 

^orlN 

Ammonium Carbonate . 

(NH,),CO, 

96 

48 

— 

5.'N 


1 

tf 

>» 


48 

N 

Hydrogen Ammonium 
Carbonate • 

H(NH,)C03 

79 


— 

-^or3 N 

Ammonium Chloride 

NH4C1 

53*5 

53 *5 

- r 

6N 

*5 

5» 

9 9 

53*5 

N 

Ammonium Sulphate 

(NH.l^SO, 

332 

66 

66 

N 

Barium Chloride 

BaCl^ 

208 

104 

104 

N 

Barium Nitrate 

BaN.,0« 

261 

130*5 

65*25 

N 

2 

Barium Carbonate , 

BaCO, 

197 

98*5 

— 

2 N 

Strontium Sulphate 

SrSO^ 

183*5 

91*75 

0*153 

N 

600 

Calcium Chloride . . j 

CaClj 

111 

55:5 

55*5 

N 



MODE OF PREPARATION. 


377 


Symbol of 
Substance 
taken. 

% 

» 

Method of Preparing Reag^ent, 

KCy 

K,SO. 

ki 

Dissolve 200 grms. of sodium hydrate in 800 cc. water, 
saturate one-half with HjS, then add the other half and 
dilute to 1 litre. 

200 cc. of 5 N sodium sulphide diluted to 1 litre. 

65 grms. crystals dissolved and diluted to 1 litre. 

87 grms. dissolved and diluted to 1 litre. 

166 „ 

9t 

63*2 „ „ „ 

K,Cr 04 

97*25 „ ., ,, 

K3Sb20j,,7Aq 

Saturated solution at 15*5^ C. 

K,FeCye,3Aq 

K,Fe,Cy„ 

KCyS 

NajCO„10Aq 

105*5 grm. dissolved and diluted to 1 litre. 

109*7 

67 ,, ,, 

429 grms. dissolved and diluted to 1 litre. 

143 „ ,, ,, 

HNa^PO«,12Aq 

119*3 

NaC,H,Op3Aq 

NarsO„7Aq 

544 ,, ,, ,, 

2o2 ,, „ 

Na^SoOgjOAq 

124 




294 cc. of 17 N acetic acid, neutralised with strong 
ammonium hydrate and diluted to 1 litre. 

200 cc. of 5 N ammonium acetate diluted to 1 litre. 

42*6 grms. dissolved and diluted to 1 litre. 


H(NH,),PO, 


44 grms. dissolved and diluted to 1 litre. 


196*7 grms. of ammonium sesquicarbonate dissolved in 333*3 
cc. of o N ammonium hydrate and diluted to 1 litre. 

200 cc. of 5 N ammonium carbonate solution diluted to 1 litre. 


NH,C1 


BaCl„2Aq 


A saturated solution made by passing excess of carbon 
dioxide into 3 N ammonium hydrate. 

267 *5 grms. dissolved and diluted to 1 litre. 

53*5 ,, if a 

66 „ if it 

122 „ „ ti 


BaNA 


65*25 




BaCOj 

SrSO^ 

CaCl2,6Aq 


197 grms., freshly precipitated, suspended in water and 
diluted to 1 litre. 

Water at 15 *5"" C. saturated with precipitated strontium 
sulphate. 

109*5 grms. dissolved and diluted to 1 litre* 
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EQUIVALENT REAGENTS. 





Equivalent 

weight. 




Molecnlar 

weight. 


Kame of Reagent. 

Symbol. 

^rms. 




per litre. 

Strength. 

Calcium Sulphate . ^ . 

CaSO« 

136 

68 

2*27 

N 

30 

Magnesium Chloride 

MgCl, 

95 

47-6 

47-5 

N 

Magnesium Sulphate 

MgSO, 

120 

60 

60 

N 

Ferrous Sulphate . 

FeSO^ 

152 

76 

76 

N 

Ferric Chloride 

Fe.,Cl, 

325 

54 17 

54-17 

N 

Plumbic Acetate 

PbC,H,0, 

325 

162-5 

162*5 

N 

Plumbic Nitrate 

PbNA 

331 

165 *5 

165-5 

N 

Argentic Nitrate 

AgNO, 

170 

170 

170 

N 






N 


»» 

»» 



5 

Argentic Sulphate . 

Ag.,SO, 

312 

156 

7*8 

N 

20 

Mercurous Nitrate . 

Hg.N,0, 

524 

262 

52 *4 -f 

? + 

o 

Mercuric Chloride . 

HgCl, 

271 

135*5 

54*2 

2 N 

5 

Cupric Sulphate 

CuSO^ 

159*5 

79*75 

79*75 

N 

Cupric Chloride 

CaCl, 

134*5 

67*25 

67*25 

N 

Stannous Chloride . 

SnCi; 

189 

94*5 

94*5 + 

N4 

Auric Chloride 

AuClg 

303*1 

101 

20*2 

N 

5 

Platinic Chloride . 

PtCl, 

339*1 

84*8 

84*8 

N 

Magnesia Mixture (for 






Phosphoric Acid) 

\ 


1 


N 


MODE OF PREPARATION. 
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Symbol of 
Sabstonce 
taken. 

Method of Preparing Beagent. 

CaSO^,2Aq 

MgCI„6Aq 

MgSO(,7Aq 

FeS04,7Aq 

Pb04H,0,.3Aq 

PbN^O. 

AgNO, 

Water at IS'S” C. saturated with precipitated na-lnintn 
sulpimte. 

101 '5 grms. dissolved and diluted to 1 litre. 

123 grms. 

139 

18 '67 grms. of iron, as Fe^H^Og, dissolved in 200 cc. of 5 N 
hydrochloric acid and diluted to 1 litre. 

189 '5 grms. dissolved and diluted to 1 litre. 

165-5 „ 

170 „ „ „ 

J) 

}} » JJ 

Ag,SO, 

Water at 15‘5“ C. saturated with freshly precipitated 
argentic sulphate. 

Hg2NjOj,2Aq 

56 grms. dissolved in 40 cc. 5 N nitric acid and diluted to 
1 litre, a little mercury being placed in bottle. 

HgCl* 

54'2 grms. dissolved and diluted to 1 litre. 

CaSO^,5Aq 

CuCl2,2Aq 

SnCl2,2Aq 

124v5 „ ,) )) 

85'25 „ ,, )) 

112"5 grms. dissolved in 200 cc. of 5 N hydrochloric acid and 
diluted to 1 litre, a little tin being placed in bottle. 

13-1 grms. of metallic gold, converted into auric chlmide, 
dissolved and diluted to 1 litre. 

49‘3 grms. of metallic platinum, converted into platinic 
chloride, dissolved and diluted to 1 litre. 

Dissolve 68 grms. MgClj,6Aq in about 500 cc. of water, add 
165 grms. NH^Cl, then 300 cc. of 5 N ammonium hydrate, 
and dilute to 1 litre. 


QUESTIONS. 


Group II. 

1. What changes take place when the sulphides of As, Sb,and Sn are boiled, 

1st, with (NH^)^, 2nd, with NaHO ? Express the changes by equations. 

2. Give the formulse of cinnabar, of white precipitate, and of mercuric 

nitrate. 

3. Write out the symbolic equations for the reactions which mercuric chloride 

gives with the group and special reagents. 

4. Calculate the percentage composition of white precipitate. 

5. How is corrosive sublimate manufactured, and whence does it derive its 

name ? 

6. 1*6 grm. of HgCl^ is precipitated as HgS and collected on a weighed filter. 

How much by weight of HgS should there be obtained ? 

7. Cinnabar is sometimes found adulterated with red-lead, red oxide of iron, 

brick-dust. State how you would discover the adulteration. (No 
separation of the impurities from each other is required. ) 

8. What reaction takes place when mercury is acted upon by concentrated 

sulphuric acid ? and by what consecutive stages can the product of 
this reaction be converted into white precipitate? 

9. How can Bi be separated from Ag, Pb, or Hg ? 

10. Express in symbolic equations the reactions which a bismuthous salt gives 

with different reagents in the wet way. 

11. Give the formula! for bismuthous nitrate, bismuthous oxide, bismuth 

glance, bismuthous oxychloride. 

12. Calculate the percentage composition of an alloy of 1 atom of Pb, 1 atom 

of Sn, and 3 atoms of Bi. 

13. How does copper occur in nature ? 

14. Express in symbolic equations the reactions of copper in the wet way. 

15. Explain what takes place — 

1st, When copper is treated with concentrated HNO,. 

2nd, „ „ „ H,SO^. 

3rd, „ „ „ HCl. 

Give equations. 

16. How much metallic zinc is required to precipitate 1‘5 grm. of copper from 

a cupric solution ? 

17. What is understood by nascent hydrogen ? 

18. What is the percentage of the metallic copper in malachite ? 

19. How is Cu separated from Ag, Pb, and Bi ? 

20. What change takes place when metallic copper is heated in air ? 

21. How much hydrogen gas (at 0“ and 760 mm. pressure) is required to 

deprive 10 grms. of ignited cupric oxide of its oxygen, and how much 
water will be obtained ? 

22. Describe three methods of separation of Cd from Cu. 

23. How is Cd separated from Pb, Ag, Bi, and Zn ? 

24. How much cadmium sulphide can be prepared from 10 grms. of crystallised 

cadmium sulphate, CdSO,, 40Hj ? 

25. What takes place when greenockiteis roasted in a glass tube open at both 

ends? 



QUESTIONS. 381 

26. How is the metal cadmium converted 1st into oxide, 2nd into chloride 

Brd into sulphate ? ’ 

27. How can we extract cadmium from its oxide or sulphide ? 

28. How do you detect a stannic salt in the presence of a stannous salt ? 

29. Give the formulae of metastannic and stannic acids, stannous and stannic 

chlorides, and stannous oxychloride. 

30. State the action of chlorine, nitric acid, and air upoiS' stannous salts 1 

31. How would you analyse an alloy consisting of Pb, Cu, Bi, Sn ? 

32. A tinstone yielded on analysis 77*5 per cent, of metallic tin ; how much 

SnOj did it contain ? 

33. How much chlorine gas by weight and by volume (at 0® and 760 mm.) 

will be absorbed by 10 grms. of SnClg? 

34. How is antimonious chloride prepared ? What change does it undergo 

when water is added to it ? 

35. By what characteristic reaction can antimony compounds be recognised 

by dry reactions 1 

36- How can you distinguish between antimonious and antimonic compounds ? 

37. What evidence have we to show the triad and pentad nature of Sb ? 

38. Give illustrations of the reducing action of antimonious compounds, e,g,j 

antimonious chloride. 

39. State how you would separate Sb from Sn in solution. 

40. How can Sn be separated from Bi ? 

41. 1 grm. of a sample of grey antimony yielded on analysis *854 grm. of 

SbgO^ ; what percentage of antimony does the ore contain ? 

42. How much chlorine by weight and by volume (at 0'^ C. and 760 mm.) is 

required to convert 10 grms. of SbClg into SbCl^ ? 

43. How much oxygen gas by weight and by volume (at 0"^ C. and 760 mm.) 

can be obtained by igniting 5 grms. of SbgO^ ? 

44. Which are the most important natural compounds of arsenic ? 

45. Give the symbolic formulse of realgar, orpiment, copper nickel, smaltine, 

nickel ochre. 

46. What changes does metallic arsenic undergo when heated, 1st, by itself, 

in a current of neutral gas (COg or H); 2ndly, in contact with air ; 
Brdly, in contact with chlorine ? 

47. What action has sulphuretted hydrogen upon an acid solution of arsen- 

ious and upon a solution of arsenic acid ? 

48 Express by an equation the reaction which takes place when arsenious 
sulphide is dissolved ; 1st, in NaHO ; 2ndly, in (NH^lgS ; 3rdly, in 
NH.HCOg. 

49. What precipitates are produced when silver nitrate is added to a neutral 

solution of an arsenite or arsenate ? ^ 

50. What is the action of magnesium sulphate in an ammoniacal^ solution (so 

called magnesia mixture) upon arsenious and arsenic solutions ? 

51. Give a few instances of the reducing action of arsenious compounds. 

Express the changes by equations. 

52. Explain the oxidising action of chlorine, bromine, and iodine upon arsen- 

ious compounds. 

53. What takes place when metallic copper is introduced into a dilute hydro- 

chloric acid solution : 1st, of As^Og ; 2ndly, of As^O^ (Reinsch’s test) ? 

54. Explain why a portion of the arsenic only is liberated, when an arsenical 

sulphide is heated with potassium cyanide. Give equations. 

55. Explain the reduction of arsenical compounds by nascent hydrogen 

(Marsh's test), and show by equations the formation of arsenietted 
hydrogen. . 

56. What change does arsenietted hydrogen undergo : 1st, when burnt m the 

air ; 2nd, when passed through a tube heated in one or more places ; 
3rd, when passed into a solution of silver nitrate ; 4th, when passed 
through concentrated nitric acid ? 

57. Explain the formation of antimonietted hydrogen, and state-— 1st, what 

properties arsenietted hydrogen has in common with antimonietted 
hydrogen ; and, 2nd, how it differs from the latter in its chemical 
deportment with silver nitrate. 



382 QUESTIONS. 

58. How would you distiuguish between an arsenic and antimony mirror ? 

69. Describe tbe cacodyl test — with equations. 

80. How would you treat a silver coin containing a small quantity of gold in 
order to extract the latter metal from it ? 

61. How is AuCl, prepared ? 

62. Describe how pure metallic gold is prepared from AuClg in the wet way. 

63. Explain the change which AUgSg undergoes, 1st, when gently heated in a 

bulb tube ; 2nd, when heated in a tube open at both ends. 

64. How can gold be separated from an alloy of Au, Ag, and Ou ? 

66. How is platinic chloride prepared 1 Give an equation. 

66. How much Pt will be left, when 1*5 grm. of 2NH4Cl,PtCl4 is ignited ? 

67. How is platinous chloride prepared? 

68. How is silver nitrate prepared ? 

69. What change takes place when silver glance is roasted in a tube ? 

70. Write out the equations for the reactions of silver in the wet way. 

71. How much NaCl will be required to convert 1*5 grm. of AgNOg into AgCl?* 

72. A dilute solution of hydrochloric acid (containing *00365 grm. of the acid 

in one cubic centimetre of the solution) is precipitated with AgNOg. 
How much AgCl by weight do we get from 150 cc. of the acid 
solution ? 

73. What is the percentage composition of silver acetate, and how much silver 

will be left when *451 grm. of acetate is ignited ? 

*74. What changes does AgCy undergo upon ignition 7 

75. How much oxygen by weight and by volume (at 0° C. and 760 mm.) can be- 

obtained from 30 grms. of red lead 7 

76. Write out the symbolic equations for the reactions of lead in the wet way. 

77. How can Pb be separated from Ag in the wet way ? — 1st, by i|sing hydro- 

chloric acid ; 2nd, potassic cyanide ; 3rd, sulphuric acid as a precipitant. 

78. Describe how you would analyse an alloy of 5 parts of lead, 3 parts of tin, 

and 8 parts of bismuth, a so-called fusible alloy melting at 98® C. 

79. Write out the formulae of calomel, mercurous nitrate, mercurous oxide, 

mercurosoammonium chloride, basic dimercurosoammonium nitrate. 

80. Write out equations for the reactions which mercurous compounds give in 

the wet way. 

81. How can mercurous chloride be converted into mercuric chloride 7 Give 

equations. 

82. How much calomel can be manufactured from 20 lbs. of metallic mercury ; 

and how much H^SO^ and NaCl by weight will be required 7 

83. What is the action of boiling nitric acid upon mercurous sulphide 7 


Group IIIa. 

1. Enumerate some of the most important iron ores used for the extraction 

of iron in this country. 

2. Which are the more important sulphides of iron 7 

3. How is iron detected in the dry way 7 

4. What takes place when iron is dissolved in HCl, in H-SO., or in dilute 

HNOg? 

6. Explain the change which takes place when FeCI^, is severally acted upon 
by atmospheric air, by chlorine, KClOg, and HCl, HNOg, HgClg, AuOlg, 
and by Mn20g(K0)2, and HCL Express the changes by equations. 

6. Explain the action of SHg and (NH 4 ) 2 S upon ferric salts, 1st, in acid solu- 

tions ; 2nd, in neutral or alkaline solutions. 

7. How do K 4 FeCyg and K^FegCyjg enable us to distinguish between ferrous 

and ferric salts ? 

8. State why KgFe^Cyj.^, in the presence of SnClg produces a blue precipitate 

with ferric salts. 

9. State the action of SKCy upon ferrous and ferric salts. 

10. What change is produced when FegClg is brought together, 1st, with SO 2 ; 

2nd, with SnCl^ 7 

11. Explain the action of metallic iron or metallic zinc upon Fe 2 (S 04 ),. 
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12. How mnch hydrogen gas by weight and volume (0° C. and 760 mm.) is 

obtained when 10 grms. of metallic iron is dissolved in dilute hydro- 
chloric acid ? 

13. Describe the properties of feme phosphate. Str^te why an alksdine acetate 

has to be added previous to precipitation with hydrogen disodiuin phos- 
phate, and explain the decomposition of the phosphates of the alkaline 
earths by means of ferric chloride in an acetic acid solution. 

14. How much metallic iron is required to manufacture one ton of crystallised 

green vitriol ? 

15. How would you separate Fe.p, from Zn", Mn", Ni", Co", and Fe" ? 

16. Why is it preferred to precipitate Fe^CL by means of NHDH, instead of 

KHO? * 

17. What is the most important chromium ore ? 

18. How is chromium detected in the dry way ? 

19. Describe how chromic chloride or sulphate is obtained from an alkaline 

chromate. 

20. Describe the reactions by double decomposition which you can produce 

with chromic salts. Give equations. 

21. How can chromic salts be converted in the wet way into chromates ? Give 

instances, and express the changes by equations. 

22. How is chromic anhydride prepared ? 

23. Give instances of the oxidising action of chromic acid. Express the 

changes by symbolic equations. 

24. You have given to you oxalic, hydrochloric, and concentrated sulphuric 

acids, potassium dichromate and water. State how you would prepare 
CO.^ and Cl gas from these materials, and express the changes by equa- 
tions. 

25. Describe some of the most characteristic reactions for chromic acid pro- 

duced by double decomposition. Give equations. 

26. How would you distinguish between a chromic salt and chromic acid 

occurring in one and the same solution ? 

27. Which chromates are soluble and which are insoluble in water ? 

28. How can Cr be separated from every other metal of Group III., except Mn? 

29. How can CrgOg be separated from Fe", Zn", Mn", Ni", Co" salts ? 

30. 1*600 grm. of chrome iron ore yielded on analysis 2*95 grms. of PbCrO^. 

What percentage of Cr does the ore contain ? 

31. 1*2 grm. of a sample of a sodium chromate yielded with sulphuric and 

oxalic acids *89 grm. of carbonic anhydride. What percentage of 
chromic anhydride did it contain ? 

32. Enumerate some of the more important aluminium minerals. 

33. How is AlgO, detected in the dry way ? 

34. Give equations for the reactions of aluminium in the wet way. 

35. How can insoluble aluminium minerals be rendered soluble in water or 

acids ? 

36. What is the action of HF upon felspar and albite ? 

37. How can be separated from Fe.,Os? 

38. How is AhOg separated from Fe", Zn", Mn", Ni", Co" in combination ? 

39. How can AlgO, be distinguished from AlgPgOg ? 


Grocp IIIb. 

1. Express in symbolic equations the reactions for nickel in the wet way. 

2. State which are the principal nickel minerals, and give the formulse of 

nickel nitrate and arsenate. 

3. Calculate the percentage composition of capillary pyrites. 

4. Give the formulae of cobalt pyrites, cobalt vitriol, cobalt bloom, cobaltic 

cyanide. 

5. How is Co separated from Ni 2 

6m 2 grms, of an ore containing Ni and Co yield *221 grm. of NiO and *1575 
grm. of CO3O4 ; what is the percentage of Ni and Co in the ore ? 

7* How would you prepare potassium cobalticyanide ? 
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8. Which are the most important manganese ores ? 

9. Explain the action of concentrated H2SO4 upon Mn029 Na2Mn04 and 

S^n^Og ; and express the changes by equations. 

10. Describe the most characteristic blowpipe reactions for manganese com- 

pounds. 

11. How can Mn be separated from Ni and Co ? 

12. How is Mn separated from calcium or from potassium ? 

13. What change 'does a solution of potassium manganate undergo when 

heated in contact with air ? 

14. State whv Mn is separated with difficulty from Fe^^ by means of NH4CI 

and NH4OH. 

15. By precipitating 2 622 gnus, of a manganous salt with sodium carbonate 

and ignition of the precipitate, 1*326 grm. of Mn304 is left ; what is the 
percentage of manganese in the salt ? 

16. What is the action of potassium ]permanganate upon HCl, and upon acid 

solutions of SH2, SO2, oxalic acid, Cu^Clj, FeClg, SnClg? Express the 
changes by equations. 

17. How much sulphurous anhydride by weight and by volume (at 0 ° C. and 

760 mm. barometrical pressure) will be required to decolorise a solution 
containing *500 grm. of potassium permanganate ? 

18. *125 grm. of potassium permanganate had to be added to a given quantity 

of an acid (H2SO4) solution of FeS04. Calculate how much metallic 
iron the solution contained. 

19. 1240 grm. of CO.^ was evolved when 1’780 grm. of pyrolusite was treated 

with moderately concentrated H2SO4 and potassium oxalate. What is 
the percentage of MnOo in the ore, and how much chlorine gas by 
weight and by volume can be evolved from 100 grms. of the ore when 
treated with HCl ? 

20. State the action of HCl, H.^SO^, HNO3, and KHO upon metallic zinc. 

Express the changes by equations. 

21. Give the names and composition of the most important zinc ores. 

22. Describe the blowpipe reactions for zinc compounds. 

23. Express by equations the reactions for zinc in solution. 

24. 1*5 grm. of calamine yielded on analysis *876 grm. of ZnO, what is the 

percentage of zinc in the ore ? 

25. You have given to you calamine, zinc blende, hydrochloric acid, water and 

sodium carbonate. State how you would prepare from these materials 
zinc oxide or zinc white. Express the changes by equations, 

26. How is zinc separated from Mn, Ni, Co ? 

Group IV. 

1. How can barium sulphate be converted into barium nitrate or chloride ? 

2. Express in symbolic equations the different reactions for barium. 

3. Which are the most delicate reactions for barium ? 

4. How can barium be separated from strontium and calcium ? 

5. 1 *235 grm. of witherite gave *965 grm. of barium sulphate ; what is the 

percentage of barium and of barium carbonate in the mineral ? 

6. How are strontium chloride and nitrate prepared — 1st, from strontianite ; 

2nd, from celestine ? 

7. Which are the most characteristic reactions for strontium ? 

8. How can strontium be distinguished from barium ? 

9. How can strontium be separated from calcium ? 

10. Which are the most important natural lime compounds ? 

11. Which are the most delicate reactions for calcium in the wet way ? 

12. Calculate the percentage composition of bone ash. 

Groups V. & VI, 

1. How are potassium compounds recognised in the wet way? 

2. How can potassium and sodium compounds be distinguished before the 

blowpipe flame ? 
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QU^TIONS. 


State how you woiUd ^rtain whether the yellow precipitate produced 
by platinic chlonde indicates the presence of a salt of ammonium or 
potassium, or both 7 

How can hydrogen potassium tartrate be distinguished from hydroiren 
ammonium tartrate 7 j s 

Which sodiuni salts are found native ? 

How is spongy platinum prepared ? 

How would you test for mere traces of ammonia ? ^ 

How much spohgy platinum is obtained from 2*345 grms. of ammonium 
platinic chloride ? 

How xnuch dry ammonia gas by volume (litres) and weight can be 
obtained by distillation ^dth calcium hydrate from 5 grms. of ammonium 
chloride ? 

How would you examine a mixture containing ammonium chloride and 
potassium chloride ? 


A mixture of 1’5 grm. of sodium and ammonium chlorides lost on ignition 
*234 grm. ; what is the percentage of ammonium and sodium chloride 
ptesent in the mixture ? 


Calculate the percentage composition of borax. 

Give examples of the action of different salts on ammonium compounds. 
How is magnesium sulphate prepared — 1st, from magnesite ; 2nd, from 
dolomite ? 


Which ai*e the most important magnesium minerals ? 

Hxplain the action which ammonia, potassium hydrate, and sodium car- 
bonate have upon solutions of magnesium salts in the presence of 
ammonium salts, and also without them ? 

Describe fully the most characteristic reaction for magnesium salts in the 
wet way. 

How is magnesium separated from potassium and sodium ? 

How much crystallised magnesium sulphate, MgSO^.TOHg, can be prepared 
from one ton of pure magnesite ? 


Carbonic Acid. 

1. How would you prove experimentally the presence of carbonic anhydride 

— 1st, in spring water ; 2nd, in atmospheric air ; 3rd, in white lead ; 
4th, in coal gas ? 

2. Classify all metallic carbonates according to their respective deportment 

— 1st, on ignition ; 2nd, on treatment with water ; 3rd, in contact with 
excess of CO^. Give examples. 

3. What change takes place when tartaric acid and hydrogen potassium car- 

bonate are mixed together ? 

4. Which is the most characteristic reaction for COg ? 

5. How would you recognise the presence of COo in a gaseous mixture, con- 

taining SO 2 and CO 2 , or SHg and CO^ ? 

6. How much CO.^, by weight and by volume, can be obtained from 1*235 

grm. of CaCOj? 

7. What change takes place — 1st, when a current of CO.^ is passed through 

cold water in which finely divided chalk is suspended ; and 2nd, when 
the liquid is heated to boiling, subsequent to the passing of the gas ? 

8. Explain the effect of boiling upon most spring waters. 

9. What is the usual composition of boiler deposits, and how would you pro- 

pose to prevent them ? 


* Sulphuric Acid. 

1. Classify all metallic sulphates according to their solubility in water. 

2. How are metallic sulphates detected in the dry way ? 

3. Explain the action of heat upon the different metallic sulphates. 

4. How is free sulphuric acid detected ? 

^ H 
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6. Describe shortly in what manner sulphates of Ba, Sr, Ca, Mg, and Pb differ 
from each other with regard to their solubility in water, and their 
respective deportment with various other solvents. 

6. How are insoluble sulphates e xam i n ed qualitatively 2 

^ Sulphurous Add. 

1. Describe different methods of preparing sulphurous aphydride. 

2. What is the action of heat upon sulphides ? 

3. Which sulphites are soluble and which are insoluble in water 2 

4. Give illustrations of the reducing action of sulphurous acid or of soluble 

sulphites. 

5. Explain under what circumstances sulphuric acid can act as an oxidising 

agent ; give instances of such action. 

6. How would you distinguish sulphurous in the presence of sulphuric acid ? 

7. What changes take place when a mixture of potassium dichromate and 

sodium sulphite is treated with concentrated HCl ? Give equations. 

Thiostilphates. 

1. How is sodium thiosulphate prepared ? 

2. How are hyposulphites affected by ignition ? 

3. Explain the action of sodium hyposulphite upon lead, silver, mercurous, 

and stannous salts. 

4. Give instances — 1st, of the reducing action, and 2nd, of the oxidising action 

of hyposulphites. 

5. State what application sodium hyposulphite has found in photography and 

in metallurgy. 

6. How would you separate barium hyposulphite from barium sulphate ? 

Sulphides. 

1. Which sulphides are soluble and which are insoluble in water? 

2. Explain how certain sulphides are affected by dilute hydrochloric acid, 

and how by concentrated hydrochloric acid. Give characteristic in- 
stances, and express the changes by equations. 

3. Describe the most delicate reaction for gaseous SH.,. 

4. What is the action of nitric acid upon ZnS, PbS, CiiS, SnS, Sh.B^ ? 

5. How would you prove the presence of an alkaline sulphide, thiosulphate, 

sulphite, and sulphate in an aqueous solution ? 

6. How can you prove the presence of SHj in coal gas ? 

7. 10 litres of unpurified coal gas yielded *232 grm. of CdS. What is the per- 

centage of SHg in the gas ? 

8. What change takes place vrhen PtS„, Sb.^S^, FeS.„ HgS are heated 

with exclusion of air ? 

9. How would you detect sulphur in pig iron ? 

10. Explain the action of chlorine, bromine, and iodine upon SH.,. 

^^itrates. 

1. Explain what changes take place when nitrates are heated by themselves. 

2. State what action takes place when ferrous chloride is heated with nitric 

acid. 

3. Why can the metals Cu, Pb, Ag, be employed for the detection of nitric 

acid or a nitrate ? 

4. How can ammonia be obtained from a nitrate ? Describe several processes. 

5. How is free nitric acid detected in the presence of a nitrate ? 

1. Explain the changes which take place when NgO. is acted upon by KHO. 

2. What is the action of dilute sulphuric acid upon KNO^ ? 
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3. What are the producta of decomposition of strongly imited PbCNO )„ 

NH^NO^andKNO,? ^ ^ 

4. How can a trace of a nitrite be detected in the presence of a nitrate ? 

5. Explain the action of heat upon a solution of Ca(NO.J^ and NH^CL 

Chlorides. ^ 

How are the several solid chlorides acted upon by heat ? 

How is chlorochromic acid prepared ? 

Classify all chlorides according to their solubility in water. 

Describe the most characteristic tests for chlorine, as well as for hydro- 
chloric acid or chlorides. 

How would you detect free HCl in the presence of a metallic chloride ? 
You have given to you 100 cc. of a liquid containing free HCl and a solu- 
tion of sodium chloride, 50 cc. of the liquid gave 2 345 grms. of AgCl. 
After evaporation and ignition of the other 50 cc. the residue yielded 
on precipitation with silver nitrate 1*596 grm. of AgCl. What is the 
percentage of HCl and of sodium chloride in the liquid ? 

Chlcfvates. 

State briefly how potassium chlorate is prepared. 

Describe the changes which potassium chlorate undergoes on ignition. 
Explain the action — 1st, of concentrated sulphuric acid ; 2nd, of concen- 
trated hydrochloric acid upon potassium chlorate. Give equations. 
How can a chlorate be detected in the presence of a chloride ? 

How can a nitrate and a chloride be recognised in the presence of a 
chlorate ? 

Hypochlorites. 

Give the formula for calcium cblorohypochlorite. 

Give illustrations of the oxidising action of hypochlorites. Express the 
changes by equations. 

How is bleaching powder prepared ? 

What change takes place — 1st, when hypochlorite is ignited by itself ; 

2nd, when a concentrated solution of a hypochlorite is boiled ? 

How can a hypochlorite be distinguished in the presence of a chloride ? 

Bromides. 

Describe a method by which bromine can be obtained from a soluble 
bromide. 

Classify all bromides according to their solubility in water. 

Describe the most characteristic tests for bromine, and for HBr. 

Explain the action of chlorine, dilute HCl, concentrated concen- 

trated HNOg, and of HgPO^, upon potassium bromide. 

How is HBr distinguished from HCl ? 

What takes place when bromine, phosphorus, and water are brought 
together ? 

7. Explain the action of SH,, NUgSOg, and NagS.Og, upon bromine suspended 
in water. 

*8. Give the molecular weights of bromine and of hydrobromic acid. 

Iodides. 

1. How would you extract iodine from Mgl 2 ? Give several methods, and 

express the changes by equations. 

2. Explain the action of heat upon solid iodides. 

3. Classify all iodides according to their solubility in water. 

4. Explain how you would distinguish HCl, HBr, and HI, when occurring in 

one and the same substance. 



388 QUESTIONS. 

5. Why is it preferable to liberate iodine by means of instead of by 

bromine or chlorine ? . . j. u « 

6. How would you prepare a solution of hydnodic amd 7 

7. Explain how yon would distinguish free iodine in tiie presence of an 

iodide. 

8. What action takes place when a dilute solution of SOL acts upon iodine, 

and how can iedine be made the measure for 80^ and vice vcrsd ? 
cl. 10 litres of a mineral water yield *184 grm, of Agl ; how much iodine is 
there in 100,000 parts of the water ? 

Fluiyindes^ 


1. Which .ire the most important natural compounds of fluorine ? 

2. What changes do solid fluorides undergo when heated by themselves ; 

2ndly, when mixed with microcosmic salt or hydrogen potassium 
sulphate I 

3. Classify fluorides according to their solubility in water. 

4. How is’ hydrofluoric gas prepared ? Explain its action upon glass 

5. How would you test for small quantities of a fluoride '? 

6. Explain the action of concentrated sulphuric acid upon a fluoride contain* 

ing much SiO ,. 

7. How can fluorine be detected in a mineral containing a silicate which is 

not decomposed by sulphuric acid, some phosphate, and traces of a 
fluoride ? 

8. How is 2HF,SiF4 prepared ? 

9. What decomposition takes place when silicofluorides are heated — 1st, by 

themselves ; 2ndly, with concentrated H^SOi 1 

10. How is BaFjjSiF^ obtained 1 

Phosphates, 

1. How does phosphoric acid occur in nature ? 

2. Explain the action of heat upon H.^NaPO^, NH^MgPO^, and HXaNH^PO^. 

3. How are meta- and pyro- phosphates converted into tribasic phosphates I 

4. Classify all phosphates, pyrophosphates, phosphites, and hypophosphites 

according to their solubility in water. 

5. How is phosphoric acid removed from alkaline earthy phosphates ? 

6. State how you would detect phosphoric acid in a soil or iron ore ; or phos- 

phorus in metallic copper or cast iron. 

7. What is the approximate composition of ammonium phospho-molybdate ? 

8. What reactions enable us to distinguish between tribasic, tetrabasic, and 

monobasic phosphates ? 

9. How would you prepare HH.PO2 and Ca(H2PO>) , ? 

10. How are calcium phosphite and potassium hypopho.sphite acted upon by 

heat ? 

11. What are the products of oxidation obtained on burning PH3 in air ? 

12. How can potassium hypophosphite be detected in th§ presenxie of potas- 

sium phosphite and phosphate ? 

13. How would you prepare gaseous PH3 ? What is its action upon solutions 

of cupric sulphate and silver nitrate ? 

14. Give symbolic formulae for gaseous phosphoretted hydrogen, calcium 

hypophosphite, cupric phosphide. 

15. Express by a symbolic equation the change which HHgPOg undergoes 

when it is acted upon by K^SO,, by CuSO,, or by AuClg. 

16. How would you convert bone-ash into a soluble calcium phosphate (into 

^ constituent of calcium superphosphate) ? 

17. 0*4 grms. of cast iron yielded *046 of Mg2P2^' 5 what is the percentage of 

phosphorus in the iron ? 

Silicates. 

1. Give instances of crystalline and amorphous silica. 

2. Describe the reactions for SiO.^ in the dry way. 
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S. Classify silicates according to th^ir solubility in water and acids. 

4. S^plain the action of HF , or of CaFj, and concentrated If^SO. upon 

silicates. 

5. How would you ascertain the presence of potassium or sodium in a silicate 

soluble in HCl, and in a silicate, insoluble in HCl, in Bohemian glass ? 

What is the action of caustic and carbonated alkalies upon amorphous 
silica ? ^ 

Borates. 

1. How is metaboric acid obtained ? 

2. Explain the reactions in the dry way for boric acid or borates. 

3. Classify borates according to their solubility in water. 

4. Explain the colour test for boric acid. 

5. Explain the action of HF upon boric acid. 

CyoTwgen Compounds. 

1. How are KCy and K^FeCyg prepared ? 

2. Explain the action of heat upon KCy and K^FeCyg — 1st out of contact 

with air ; 2nd, with free access of air. 

3. What constitutes the usefulness of KCy as a reagent for blowpipe experi- 

ments ? 

4. Explain the changes which cyanides of the heavy metals undergo upon 

ignition. 

5. How would you prepare cyanogen gas ? Describe its properties. 

6. Classify cyanides according to their solubility in water. Enumerate some 

of the more important single cyanides. 

7. Explain the action of dilute acids upon single cyanides and upon easily 

decomposable double cyanides. 

8. Explain the action of upon the following cyanides and double 

cyanides: HgCy^, K^CdCy,, KAgCy^, K^MnCy,, K^CuCy,. K^CoCy^ 
K^NiCy,, 

9. How is AgCy distinguished from AgCl ? 

10. Describe the action of HCy upon S(NH4)2, and explain how traces of HCy 

can be detected in the presence of ferro- or ferri-cyanogen compounds. 

11. Explain the use of ferro-ferric salts for the detection of HCy. 

12. How is HCy prepared ? Describe its properties. 

13. How could you examine a ferrocyanide insoluble in acids, e.g.^ Prussian 

blue? 

14. State the action of KHO upon Prussian blue and upon TurnbulVs blue. 

15. State what reactions ferrous and ferric salts give with ferro- and ferri- 

cyanides. 

16. Explain the formation of soluble Prussian blue. 

17. What is the action of dilute and of concentrated sulphuric acid upon 

potassium ferrocyanide ? , . . * 

18. Explain the conversion of potassium ferro- into ferri-cyanide.^ 

19. Give instances of the oxidising action of potassium ferricyanide in alka- 

line solutions. 

20. How can silver ferro- and ferri-cyanides be separated from each other ? 

21. How is OHCy recognised in the presence of a cyanide ? 

22. What is the action of concentrated H2SO4 upon a cyanate ? 

23. Explain the formation of potassium sulphocyanate, and state what change 

it undergoes when heated in contact with air. 

24. Why does potassium sulphocyanate enable us to distinguish between 

ferrous and ferric salts ? 

26. Calculate the percentage composition of cuprous sulphocyanate, CugiSCy)^ 

Carbonylic Acids. 

1. What elements enter into the composition of organic acids ? 

2. How are the several salts of organic acids influenced by heat, and what' 

^ inference can be drawn from this action ? 
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3. How is formic acid obtained, and what changes do formates undergo 

whdi heated out of contact with air 7 

4. How can a formate be detected in sobition 7 

а. State how acetic acid is prepared. 

б. What is the action of heat upon dry acetates 7 

7. How would you prepare marsh-gas 7 

8. Explain the action of acetic acid upon silver carbonate or lead oxide. 

9. What residue is^eft on igniting sodium acetate, calcium acetate, lead 

acetate, or silver acetate 7 

10. Explain how you would obtain acetic ether, describe its composition and 

properties. 

11. A quantity of crystallised silver acetate leaves upon ignition 1 '236 grm. of 

metallic silver. How much acetic acid does this correspond to 7 

12. How much dry sodium acetate must there be decomposed in order to 

obtain 20 litres of marsh-gas 7 

13. How are benzoic and succinic acids prepay 7 _ 

14. State how the precipitate produced by BzHO and SuHOj with FejClj 

assists in distinguishing between these two acids. 

15. How would you prepare benzene from benzoic acid 7 

16. 1'340 grm. of the silver salt of an organic acid leaves upon ignition ‘632 

grm. of metallic Ag. What is the molecular weight of the acid 7 

17. How is oxalic acid obtained 7 Describe shortly its properties. 

18. What changes does oxalic acid undergo— 1st, upon ignition ; 2nd, upon 

heating with HjSO^ ; 3rd, upon treatment with and MnO., or 
K DijO, ; 4th, in contact with AuCl^ 7 

19. How would you distinguish calcium oxalate from calcium carbonate, 

fluoride, borate, or phosphate 7 

20. What takes place when potassium, silver, calcium, or zinc oxalate is ignited 

by itself 7 

21. How would you prepare pure carbonic oxide gas from sodium oxalate 7 

22. The calcium salts in one litre of water are precipitated with ammonium 

oxalate. The precipitate yields upon ignition r695 grm. of CaCO^. 
How much CaO does the water contain— 1st, per gallon: 2nd, per 
100,000 parts 7 

23. Describe some sources of tartaric acid. 

24. Describe the decomposition which tartaric acid and tartrates undergo 

upon ignition. 

25. How can tartaric acid be detected in solutions ? 

26. Whence is citric acid derived 7 

27. Describe the tests which distinguish citric from tartaric acid. 

28. How would you detect oxalic, tartaric, and citric acids contained in a 

liquid? 

29. Why does the presence of citric or tartaric acid prevent the precipitation 

of AlOjOrFejOjbyNH.OH? 
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SUMMARISED TABLE OP 

OPERA 


Analytical 

Group. 

Metal. 

Coinpi>und Heated iu 
Dry Tube. 

m 

Moiatenc 1 with HCl and 
Heated on PJatiiium 
Wire. 

Heated iu Borax Bo id 
m Blowpipe Flame. 


Pb 

Hesidiie is : 

Red, hot; yellow. 

Flame is coloured : 

Bluish. 

Chjiter Iwtier 

flame. flame. 
Nothing marked. 

I.- 

Ag 

cold ; fusible. 
Brownish, hot ; me- 

___ 

99 


Hg 

tallic, cold. 
Sublimate of metal.'^ 


19 91 

r 

Bi 

Yellow, cold; infu- 

Bluish. 



II. a\ 

. l 

Cu 

sible. 

Black, hot and cold, 

Green. 

Light blue. Red. 

Cd 

infusible. 

Brown, hot ; lighter, 



Nothing marked. 

( 

As 

cold, infusible.* 

Sublimate. 

Pale blue, thin. 


II. /3- 

Sb 

>♦ 

„ denser. 

.« 

1 

Sn 

Yellow, hot ; paler, 

„ streaky. 

99 

/ 

Fe 

cold, infusible. 

Dark red. 


Red, hot ; Pale 

III. aH 

A1 

White. 

— 

yellow, cold, green. 


Cr 

Green or purple. 

— • 

Green. Green. 

/ 

Mn 

Black or dark red. 

Greenish yellow. 

Amethyst. Colour- 


Zn 

White. 

Thin, streaky green. 

less. 

III. /3 : 





I 

Ni 

Black. 

.... 

Violet or Greyish. 

1 

Co 


! 

reddish. 

Deep blue Deep blue. 

1 

Ba 

White. 

Yellow-green. 

(sapphire). 

.V. 

Sr 

11 

Crimson-red. 

— 

( 

Ca 

91 

Pale-red, 

1 — 

f 

Mg 

White. 

1 

1 

V. a-j 

K 

„ fusible. § 

Violet. 


i 

Na 

» » § 

Yellow. 

— 

v.p 

NH, 

Sublimate.* ! 


1 - 
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PRY ^REACTIONS FOR METALS. 
TIONS. 


Heated on CliaTcoal4 


Metallic Incrus- 

head tation. 


White, soft. Yellow. 
White! None. 


White, YeUow. 

brittle. 

Red scales. — 
Hard to get. Brown. 


Strong 
odour. 
White 
fumes. 
Luminous, t 


i Black 
metallic 
residue, 
magnetic. 

White 
luminous 
residue, t 
Green. 


Black. 

White 
luminous 
residue, t 
Black 
magnetic 
residue. 
Black 
magnetic 
residue. 

White 

luminous.f 

White 

luminous.f 

White 

luminous.f 


White. 

Bluish 

white. 


None. 


Heated with Na^COs 
on Cbarcoal.l 

Fused on plati- 
num foil with 
Ni^;^ 3 and 

JBead or llesidue. 


White, soft, marks 

— 

paper. 


White, malleable. 



White, brittle, 
very fusible. 
Bed, malleable. 

White, soft, very 
fusible. 

Strong odour. 

White, brittle. 


Black metallic 
particles, mag* 
netic. 

White residue. 


Green or yellow 


Black residue. 


White. White 


Yellow mass 

Blue-green 

enamel. 


Black magnetic 
residue. 

Black m£^etic 
residue. 


Same, less dis- 
tinct. 


Remarks and Notes. 


* Sublimate is treated 
with SHj by passing 
the gas into tube. 

Hg becomes black. 

Cdl J light 

As] ” I yellow, 

Sb „ orange. 
NH4 unchanged. 

II. 

Heated in tube 
with black flux, 

Hg gives globules 
of metal ; 

Sb and As give 
black ring and 
mirror in tube ; 

Cd gives brown 
ring and bright 
mirror. 

f White luminous in- 
fusible residues oidy 
are to be moistened 
with CoN 20^ solution 
and again heated, when 
A 1 becomes blue. 

Zn „ green. 

Mg „ pink. 

Sn „ dirty 

green. 

Earthy phosphates and 
all borates become 
purple or blue. 

t The appearances 
are very similar. If an 
Incrustation is given 
on charcoal alone it is 
also given when Na^CO, 
is used. 


§ If the acid be 
colourless. 


[ White 
i luminous.f 
I Sinks into charcoal. 


White fumes. 




INDEX. 


A 

ACBf ATBS, action of heat upon 195 
Acetic acid . . . .193 

„ distinction from for- 
mic acid . . 193 

„ separation of, from 

its next higher 


homologues . . 195 

Acetic ether . . . .195 

Acetone 208 

Acids, inorganic, reactions of . 134 
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